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Real Party in Interest 
The real party in interest in this case is The McLean Hospital Corporation, to 
whom all interest in the present application has been assigned. 

Related Appeals and Interferences 
There are no appeals or interferences related to this case. 

Status of Claims 

Claims 1-3,5, 7-20, and 22-26 are pending and on appeal. Claims 4, 6, 21, and 
27-30 have been cancelled. Claims 1-3, 5, 7-20, and 22-26 stand rejected under 35 
U.S.C. § 1 12, first paragraph, for lack of enablement. Claims 1-3, 5, 7-13, 17, 19, 22, 23, 
and 26 stand rejected under 35 U.S.C. § 1 12, second paragraph. Claims 17 and 22 are 
objected to for informalities. Claims 1-3, 5, 7-20, and 22-26 stand further rejected for 
obviousness-type double patenting over claims 1-16 of U.S. Patent No. 6,103,703 
(hereafter "Renshaw") and under 35 U.S.C. § 103 for obviousness over Renshaw. 

Status of Amendments 
An amendment to claims 1, 12, 17, and 22 under 37 C.F.R. § 41.33(a) was filed on 
June 16, 2009 to address one basis for rejection of claims 1, 12, and 22 under 35 U.S.C. § 
1 12, second paragraph and to address an objection to claims 17 and 22, Entry of this 
amendment is being considered. 

Summary of Claimed Subject Matter 
The application includes four independent claims, claims 1, 12, 17, and 22. 
Independent claim 1 provides a method of normalizing the sleep/wake cycle of a 
mammal, the method including orally administering a therapeutically-effective amount of 
a compound including cytidine, cytidine monophosphate (CMP), cytidine diphosphate 
(CDP), cytidine triphosphate (CTP), deoxycytidine monophosphate (dCMP), 
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deoxycytidine diphosphate (dCDP), deoxycytidine triphosphate (dCTP), cytidine 
diphosphate-choHne (CDP-choline), cytosine, uridine, uridine monophosphate (UMP), 
uridine diphosphate (UDP), uridine triphosphate (UTP), or triacetyl uridine, wherein the 
mammal is not suffering from insomnia (Specification, page 1, Unes 27-30; page 2, hnes 
6-8; page 7, hnes 24-27; and page 9, hnes 16-18). 

Independent claim 12 provides a method of treating a sleep disorder, the method 
including administering to a mammal a therapeutically-effective amount of a compound 
including cytidine, cytidine monophosphate (CMP), cytidine diphosphate (CDP), cytidine 
triphosphate (CTP), deoxycytidine monophosphate (dCMP), deoxycytidine diphosphate 
(dCDP), deoxycytidine triphosphate (dCTP), cytidine diphosphate-choline (CDP- 
choline), cytosine, uridine, uridine monophosphate (UMP), uridine diphosphate (UDP), 
uridine triphosphate (UTP), or triacetyl uridine, wherein the mammal's health is not 
compromised because of an existing physical condition and wherein the mammal is not 
suffering from insomnia (Specification, page 2, lines 3-8; page 5, lines 16-19; page 7, 
lines 24-27; and page 9, lines 16-18). 

Independent claim 17 provides a method of increasing cognitive function in a 
sleep-deprived mammal, the method including administering a therapeutically-effective 
amount of a compound including cytidine, cytidine monophosphate (CMP), cytidine 
diphosphate (CDP), cytidine triphosphate (CTP), deoxycytidine monophosphate (dCMP), 
deoxycytidine diphosphate (dCDP), deoxycytidine triphosphate (dCTP), cytidine 
diphosphate-choline (CDP-choline), cytosine, uridine, uridine monophosphate (UMP), 
uridine diphosphate (UDP), uridine triphosphate (UTP), triacetyl uridine, creatine, 
adenosine, adenosine monophosphate (AMP), adenosine diphosphate (ADP), adenosine 
triphosphate (ATP), S-adenosylmethionine, propentofylline, or EHNA to a mammal 
suffering from sleep deprivation, wherein the mammal is not suffering from insomnia 
(Specification, page 2, lines 6-8; page 2, lines 1 1-14; page 7, lines 24-27; page 9, lines 1- 
7; and page 9, lines 16-18). 
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Independent claim 22 provides a method of treating a sleep disorder, the method 
including administering to a mammal in need thereof a therapeutically- effective amount 
of a compound including cytidine, cytidine monophosphate (CMP), cytidine diphosphate 
(CDP), cytidine triphosphate (CTP), deoxycytidine monophosphate (dCMP), 
deoxycytidine diphosphate (dCDP), deoxycytidine triphosphate (dCTP), cytidine 
diphosphate-choline (CDP-choline), cytosine, uridine, uridine monophosphate (UMP), 
uridine diphosphate (UDP), uridine triphosphate (UTP), triacetyl uridine, creatine, 
adenosine, adenosine monophosphate (AMP), adenosine diphosphate (ADP), adenosine 
triphosphate (ATP), S-adenosylmethionine, dipyridamole, propentofylline, or EHNA, 
wherein the sleep disorder is not insomnia or sleep apnea (Specification, page 2, lines 3- 
8; page 7, lines 24-27; and page 9, lines 16-18). 

Grounds of Rejection to be Reviewed on App eal 
Claims 1-3, 5, 7-20, and 22-26 stand rejected under 35 U.S.C. § 1 12, first 
paragraph, for lack of enablement. Claims 1-3, 5, 7-13, 17, 19, 22, 23, and 26 stand 
rejected under 35 U.S.C. § 112, second paragraph.' Claims 1-3, 5, 7-20, and 22-26 stand 
further rejected for obviousness-type double patenting over claims 1-16 of Renshaw and 
under 35 U.S.C. § 103 for obviousness over Renshaw. 

Argument 

Enablement 

The first issue presented on appeal involves the rejection of claims 1-3, 5, 7-20, 
and 22-26 for lack of enablement. As stated in M.P.E.P. § 2164, "[t]he purpose of the 
requirement that the specification describe how to make and use the claimed invention is 
to ensure that the invention is communicated to the interested public in a meaningful 
way." In considering the adequacy of a disclosure, M.P.E.P. § 2164.04 requires: 



1 Claims 1-2, 13, 17, 19, 22, and 23 are noted as rejected on page 7 of the Action, and claims 3, 5, 7-16, 18, 20, 21 
and 24-26 are additionally noted as rejected on page 10 of the Action. 
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A specification disclosure which contains a teaching of the manner and 
process of making and using an invention in terms which cotrespond in 
scope to those used in describing and defining the subject matter sought to 
be patented must be taken as being in compliance with the enablement 
requirement . . ., unless there is a reason to doubt the objective truth of the 
statements contained therein. . . (emphasis added) 

Furthermore, the Office is required to "back up assertions of its own with acceptable 
evidence or reasoning which is inconsistent with the contested statement." (M.P.E.P. 
§ 2164.04; emphasis added). Such evidence or reasoning has not been provided by the 
Examiner to support the rejection of the present claims. 



I. The Present Claims Are Enabled by the Specification. 

The application includes four independent claims, claims 1, 12, 17, and 22. These 

claims read as follows:^ 

1 . A method of normalizing the sleep/wake cycle of a mammal in need 
thereof, said method comprising orally administering to said mammal a 
therapeutically-effective amount of a compound comprising cytidine, 
cytidine monophosphate (CMP), cytidine diphosphate (CDP), cytidine 
triphosphate (CTP), deoxycytidine monophosphate (dCMP), deoxycytidine 
diphosphate (dCDP), deoxycytidine triphosphate (dCTP), cytidine 
diphosphate-choline (CDP-choline), cytosine, uridine, uridine 
monophosphate (UMP), uridine diphosphate (UDP), uridine triphosphate 
(UTP), or triacetyl uridine, wherein said mammal is not suffering from 
insomnia. 

Claim 12 reads: 

12. A method of treating a sleep disorder, said method comprising 
administering to a mammal in need thereof a therapeutically-effective 
amount of a compound comprising cytidine, cytidine monophosphate 
(CMP), cytidine diphosphate (CDP), cytidine triphosphate (CTP), 
deoxycytidine monophosphate (dCMP), deoxycytidine diphosphate 
(dCDP), deoxycytidine triphosphate (dCTP), cytidine diphosphate- choline 
(CDP-choline), cytosine, uridine, uridine monophosphate (UMP), uridine 



2 The claims are those as amended on June 16, 2009. The claims prior to amendment are provided in the Claims 
Appendix. 
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diphosphate (UDP), uridine triphosphate (UTP), or triacetyl uridine, 
wherein said mammal's health is not compromised because of an existing 
physical condition and wherein said mammal is not suffering from 
insomnia. 

Claim 17 reads: 

17. A method of increasing cognitive function in a sleep-deprived 
mammal, said method comprising administering a therapeutically-effective 
amount of a compound comprising cytidine, cytidine monophosphate 
(CMP), cytidine diphosphate (CDP), cytidine triphosphate (CTP), 
deoxycytidine monophosphate (dCMP), deoxycytidine diphosphate 
(dCDP), deoxycytidine triphosphate (dCTP), cytidine diphosphate-choline 
(CDP-choline), cytosine, uridine, uridine monophosphate (UMP), uridine 
diphosphate (UDP), uridine triphosphate (UTP), triacetyl uridine, creatine, 
adenosine, adenosine monophosphate (AMP), adenosine diphosphate 
(ADP), adenosine triphosphate (ATP), S-adenosylmethionine, 
propentofylline, or erythro-9-(2-hydroxy-3-nonyl)ademne (EHNA) to a 
mammal suffering from sleep deprivation, wherein said mammal is not 
suffering from insomnia. 

Claim 22 reads: 

22. A method of treating a sleep disorder, said method comprising 
administering to a mammal in need thereof a therapeutically-effective 
amount of a compound comprising cytidine, cytidine monophosphate 
(CMP), cytidine diphosphate (CDP), cytidine triphosphate (CTP), 
deoxycytidine monophosphate (dCMP), deoxycytidine diphosphate 
(dCDP), deoxycytidine triphosphate (dCTP), cytidine diphosphate-choline 
(CDP-choline), cytosine, uridine, uridine monophosphate (UMP), uridine 
diphosphate (UDP), uridine triphosphate (UTP), triacetyl uridine, creatine, 
adenosine, adenosine monophosphate (AMP), adenosine diphosphate 
(ADP), adenosine triphosphate (ATP), S-adenosylmethionine, 
dipyridamole, propentofylline, or erythro-9-(2-hydroxy-3-nonyl)adenine 
(EHNA), wherein said sleep disorder is not insomnia or sleep apnea. 

Each of these claims is directed to treatment of a disorder or condition associated with 
sleep in specified classes of mammals by employing one of the Hsted classes of 
compounds. 

The present invention is based on the discovery by the inventor that citicoline, i.e., 
CDP-choline, is useful for the normalization of the sleep/wake cycle and improves 
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quality of sleep and mood. The specification describes experiments performed by the 
inventors on human subjects at page 7, lines 1-4 and Figure 1 and page 7, lines 15-21 and 
Figures 2 A and 2B. As is further noted in the specification, based on these experimental 
observations, citicoline likely stabilizes homeostatic processes involved in numerous 
sleep disorders (Specification, page 6, lines 23-26) and may be used to increase cognitive 
functioning in subjects in a sleep-deprived state (Specification, page 6, line 26 - page 7, 
line 1). 

The specification further teaches that citicoline is metabolized into cytidine and 
choline and that cytidine interconverts with uridine in vivo, thereby supporting the 
claimed uses of these additional classes of compounds (Specification, page 8, lines 3-7). 
The specification also teaches that adenosine-containing or elevating compounds may 
similarly be capable of maintaining sleep homeostasis and are accordingly useful in the 
claimed methods (Specification, page 8, lines 19-27). Finally, the specification teaches 
that creatine may be useful in the methods of the invention, as it increases levels of ATP 
(Specification, page 9, lines 22-25). 

Moreover, the specification provides examples of specific compounds that may be 
employed in the claimed methods (Specification, pages 7-9) and describes exemplary 
doses, formulations, and routes of administration for these compounds (Specification, 
pages 9-11). 

Accordingly, the specification provides experimental data and additional 
reasoning that would lead one skilled in the art to conclude that a compound comprising 
cytidine, cytidine monophosphate (CMP), cytidine diphosphate (CDP), cytidine 
triphosphate (CTP), deoxycytidine monophosphate (dCMP), deoxycytidine diphosphate 
(dCDP), deoxycytidine triphosphate (dCTP), cytidine diphosphate-choline (CDP- 
choline), cytosine, uridine, uridine monophosphate (UMP), uridine diphosphate (UDP), 
uridine triphosphate (UTP), triacetyl uridine, creatine, adenosine, adenosine 
monophosphate (AMP), adenosine diphosphate (ADP), adenosine triphosphate (ATP), S- 
adenosylmethionine, propentofylline, or erythro-9-(2-hydroxy-3-nonyl)adenine (EHNA) 
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is effective in the claimed methods. Further, the specification provides a teaching with 
respect to administration of these compounds for these methods. 

Thus, one skilled in the art, i.e., a medicinal chemist or physician, could practice 
the present invention without undue experimentation. And the scope of enablement is 
fully supported by sound scientific experiments - indeed, experimental data of a human 
patient - and sound scientific reasoning. 

II. The Rejection Is Unsupported by Relevant Facts or Applicable Law. 

Contrary to Appellants' evidence and sound scientific reasoning in support of the 
enablement of the claimed methods, the Examiner has failed to provide any appropriate 
legal or factual basis for the present rejection. The Examiner's position on the lack of 
enablement of the present claims does not rely on a scientific reference or scientific fact 
for support but instead relies on personal opinion (Office Action mailed on August 20, 
2008, "Action," pages 2-6). As is discussed in detail below, In re Wands, 858 F.2d 731, 
8 USPQ2d 1400 (Fed. Cir. 1988) is the controlling law on enablement, and this decision 
and the M.P.E.P. sections summarizing it (M.P.E.P. § 2164) confirm that any rejection 
based on scope of enablement requires the Examiner to make findings of fact and reach a 
conclusion on enablement only after weighing these facts (see, M.P.E.P. § 2164.01(a), 
citing In re Wands, 858 F.2d at 737, 8 USPQ2d at 1404). Furthermore, as discussed 
above, the initial burden is on the Office to provide, at a minimum, specific technical 
reasons to question the enablement provided in the specification (M.P.E.P. § 2164.04 and 
citations therein). In the present case, the basis for the rejection is the Examiner's 
unsupported belief that Appellants have not provided sufficient data to support the 
claimed scope. The Examiner's position is therefore procedurally insufficient. 

In addition to the failure to provide factual basis for the rejection, the Examiner 
misapprehends the burden on the Office in raising such a rejection. During prosecution, 
Appellants repeatedly pointed out that the Examiner failed to provide any factual or legal 
support for the rejection and that he therefore failed to establish a prima facie case of 
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unpatentability (see, e.g., Replies filed November 3, 2006 and February 7, 2008). In 
response to such arguments, the Examiner states: "[AJpplicant again argues in a manner 
suggesting [that] the burden is on the Office to adequately support the instant rejection." 
(Action, page 6). As discussed above and in contrast to the Examiner's position, the 
Office always bears the initial burden of establishing a prima facie case of 
unpatentability, no matter the type of rejection raised (see, also, M.P.E.P. § 2107.02 (IV), 
"[T]he examiner bears the initial burden, on review of the prior art or on any other 
ground, of presenting a prima facie case of unpatentability." In re Oetiker, 977 F.2d 
1443, 1445, 24 USPQ2d 1443, 1444 (Fed. Cir. 1992). Accordingly, it is reversible error 
for the Examiner to refuse to support the rejection. 

The Examiner further relies on a Board decision, i.e.. Ex parte Balzarini, 21 
USPQ2d 1892 (BPAI 1991), and inapplicable sections of the M.P.E.P. to support the 
position that "claims directed to medicinal treatments of diseases in highly unpredictable 
art areas are properly rejected under 35 U.S.C. § 1 12, first paragraph as lacking adequate 
enablement, in the absence of sufficient test data in support of the efficacy of the alleged 
treatment. See MPEP at §2107.03." (Action, page 6; emphasis in original). As has been 
previously argued by Appellants (see, Replies filed November 3, 2006 and July 23, 
2007), both the portion of Ex parte Balzarini relied upon by the Examiner and M.P.E.P. § 
2107.03 involve rejections for lack of utility, not scope of enablement. Furthermore, Ex 
parte Balzarini is a nonprecedential opinion of the Board and does not have the force of 
rule or law. Although the Examiner has stated on the record that the present rejection is 
not a utility rejection (Interview Summary, June 20, 2006), the scope of enablement 
rejection continues to be based on decisions and guidance specifically for utility 
rejections (see, Action, page 6 and Action mailed January 19, 2007, pages 4 and 6). This 
decision and section of the M.P.E.P. are simply not relevant to a consideration of the 
scope of enablement of the present claims, and the Examiner's reliance on them is 
misplaced. Furthermore, Ex parte Balzarini and M.P.E.P. § 2107.03 do not stand for a 
general proposition that a patent application must provide test data for a method of 
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medical treatment or that Appellants must provide test data at the request of an Examiner. 

Instead, they confirm Appellants' position that the initial burden is on the Office to 

establish a prima facie case of unpatentability (see, e.g., Balzarini, 21 USPQ2d at 1895.). 

In addition, when data are provided in an application, as in the present case, an Examiner 

must "evaluate all the facts and evidence and state why one would not expect to be able 

to extrapolate that one example across the entire scope of the claims." (M.P.E.P. § 

2164.02) In the present case, the Examiner has reversed the standard, stating: 

[EJxaminer notes that in medicinally directed claims, the burden is on 
applicant to provide adequate evidentiary support for the claimed method of 
medicinal treatment. 

*** 

Applicant had been and is respectfully requested to supply additional data 
to demonstrate that the allegations above are properly extrapolated from the 
single data point provided. (Action, page 6). 

Finally, we note that, while a rejection for lack of utility was upheld by the Board in Ex 
parte Balazarini, that case involved a rejection supported by scientific evidence in the 
form of published references indicating that the claimed methods were inoperable (see, 
e.g., Balazarini, 21 USPQ2d at 1896). No such evidence has been provided in the 
present application. 

In view of the Examiner's refusal to provide any scientific support for the 
rejection and his reliance on inapplicable legal standards, the rejection should be 
reversed. 

III. Proper Consideration of the Wands Factors Shows that the Claims Are 
Enabled. 

The controlling case in this area. In re Wands (858 F.2d at 737, 8 USPQ2d at 
1404) provides factors to be considered in determining whether claims are enabled. In 
maintaining the rejection, the Examiner discusses each of the Wands factors and 
concludes "the minimum necessary guidance concerning how to use the various different 
active ingredients . . ., and their application to various different sleep disorder treatments, 
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is simply absent." (Action, page 4). As is discussed below, however, the Examiner's 
position is based on opinion and is not supported by references or technical reasoning. 
Furthermore, the Examiner typically groups all of the claims without regard to the 
distinct methods recited therein. 

During prosecution, the claims were twice rejected for lack of enablement. The 
first rejection is found on pages 2-3 of the August 20, 2008 Action, and the second is 
found on pages 3-6 of the August 20, 2008 Action. In the first rejection, the Examiner 
focuses solely on the human data provided in the present specification and suggests 
additional experiments. In the second rejection, the Examiner considers the Wands 
factors. Because In re Wands is the controlling law on enablement, Appellants have 
addressed the first rejection as it relates to the Wands analysis. Appellants address each 
Wands factor in turn as follows. 

(A) Breadth of the Claims. 

In considering this factor, the Examiner states: 

[T]he breadth of many of the claims is excessive because of the presence of 
generic terms including "treating a sleep disorder" (claims 1,12 and 22) and 
"increasing cognitive function" (claim 17). (Action, page 3, formatting omitted) 

This statement merely concludes that the scope is excessive because the claims recite 
generic terms such as "treating a sleep disorder" and "increasing cognitive function." As 
noted above, a Wands analysis requires findings of fact. Here, the Examiner has made no 
factual finding other than noting that the claims are generic. Appellant is unaware of any 
legal standard for the proposition that use of a generic term in a claim resuhs in the 
breadth being per se excessive, and the Examiner has provided no legal precedent to 
support his position. Furthermore, claim 1 is directed to a method of normalizing the 
sleep/wake cycle, which the Examiner fails to address. 

Moreover, while the claims are generic, Appellants have provided exemplary 
embodiments of the individual conditions, numerous compounds to achieve the claimed 
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effects, exemplary doses, fonnulations, and routes of administration of these compounds, 
exemplary patient populations, soimd scientific argument to support the effectiveness of 
the claimed compounds for the full scope as claimed, and methods of assessing 
therapeutic efficacy, as discussed above. Therefore, Appellants have provided a 
disclosure that bears a reasonable correlation to the scope of the claims (see, e.g., 
M.P.E.P. § 2164.08 and citations therein). 

(B) Nature of the Invention. 

The Examiner correctly notes that the claims are directed to treatment of sleep or 
sleep-related disorders (Action, page 3). For reasons not apparent firom the record, the 
Examiner appears to limit the nature of the treated sleep-related disorders to those listed 
in claims 13, 15, 20, and 25 (Action, page 3). Appellants emphasize that claims are 
directed to normalization of the sleep/wake cycle, treatment of particular sleep disorders, 
and increasing cognitive function in a sleep-deprived mammal. 

(C) The State of the Prior Art. 

In characterizing the prior art, the Office states only that "CDP-choline is 
associated in some prior art references with the effective amelioration of insomnia, 
particularly in elderly hosts." (Action, page 3). As with the breadth of the claims, the 
Examiner fails to comment on all of the claimed methods. Appellants note that 
compounds recited or encompassed by the instant claims are reported to have 
pharmaceutical activity in Renshaw (discussed below) and other references previously 
cited against the claims during prosecution, e.g., Yamamoto et al. (U.S. Patent No. 
5,635,486); Wurtman et al. (U.S. Patent Application Publication No. US 2003/0114415); 
Fernandez {Arzneimittelforschung. Drug Res. 33:1073-1080 (1983)); Ferrer 
Intemacional, S.A. (International Publication No. WO 01/72288); Radulovacki et al. {J. 
Pharmacol. Exper. Ther. 228:268-274 (1984)); and Satoh et al. (Euro. J. Pharmacol. 
351:155-162 (1998) (Evidence Appendix). These references also provide background on 
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treatment of other sleep-related disorders. While Appellants have distinguished each of 
these cited references from the instant claims, these references provide general guidance 
to one skilled in the art, when combined with the discovery of the instant disclosure. 
Appellants also emphasize that the Examiner has not provided a single reference calling 
into question the feasibility of normalizing the sleep/wake cycle, treating a sleep disorder, 
or increasing cognitive function in a sleep- deprived mammal, or the feasibility of using 
any of the compounds recited by the present claims. 

(D) The Level of One of Ordinary Skill. 
On this point, the Examiner states: 

the level of the ordinary practitioner is variable, because the administration 
of CDP-choline has been shown herein to be effective in one host, but the 
remainder of the claimed active ingredients have not been shown herein to 
have similar activities" (Action, page 3). 

The Examiner has erred in considering this factor, as his analysis is based on his 
interpretation of the level in view of the present specification rather than the art as a 
whole (see, e.g., M.P.E.P. § 2164.05). 

Appellants assert that the level of one of ordinary skill in this art is equivalent to a 
Ph.D. level medicinal chemist or a medical doctor. Accordingly, these individuals have a 
high level of skill in the pharmaceutical arts. As discussed above. Appellants have 
provided exemplary embodiments of the individual conditions, numerous compounds to 
achieve the claimed effects, exemplary doses, formulations, and routes of administration 
of these compounds, exemplary patient populations, sound scientific argument to support 
the effectiveness of the claimed compounds for the fiill scope as claimed, and methods of 
assessing therapeutic efficacy. Accordingly, one of ordinary skill could practice the full 
scope of the present claims because optimization of these parameters, once provided by 
Appellants, is routine in the art. 
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(E) The Level of Predictability in the Art. 

With respect to this prong, the Examiner merely states that the art of treating sleep 
disorders in highly variable in its predictability because of the large array of different 
causes or circumstances under which it is observed to occur (Action, pages 3-4). Again, 
the Examiner has grouped all claims together rather than taking into account the 
distinctions of each independent claim. Further, no evidence of the asserted 
unpredictability has been provided. As discussed above, Appellants' specification 
includes experimental data and scientific reasoning to support the effectiveness of the 
claimed compounds for the full scope as claimed. Furthermore, Yamamoto et al, 
Wurtman et al., Fernandez, Ferrer Intemacional, S.A., Radulovacki et al., and Satoh et al. 
(Evidence Appendix) were cited by the Examiner and discuss conditions related to those 
instantly claimed. These references indicate that the claimed methods are directed to 
identifiable subject matter and that treatments are possible, thereby contradicting the 
Examiner's assertion of general unpredictability. 

(F) The Amount of Direction Provided by the Inventor. 

For this prong, the Examiner has confused "direction" with experimental data and 
only considered Figures 1 and 2 of the present application (Action, page 4). In addition 
to the human data shown in these Figures, Appellants provide lists of specific compounds 
for use in the methods of the invention, specific disorders and conditions for treatment, 
preferred dosages, formulations, and routes of administration of these compounds, 
exemplary patient populations, sound scientific argument to support the effectiveness of 
the claimed compounds for the full scope as claimed, and methods of assessing 
therapeutic efficacy. Given this disclosure and the prior art, nothing more is required to 
allow the skilled artisan to practice the invention. 
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(G) The Existence of Working Examples. 

In commenting on this factor, the Examiner acknowledges that Appellants have 
provided a working example, but dismisses the data as applicable to only a single subject 
and as not specifying the particular disorder being treated (Action, page 4). The 
Examiner has also expressed concern that the data provided in the specification are not 
applicable to people in general because the subject of certain experiments was a drug user 
(Action, page 2). Appellants disagree with the Examiner's conclusions. 

As is stated in the specification on page 7, Figure 1 shows data indicating that 
CDP-choline improves sleep quality, and Figures 2A-2B show the normalization of the 
sleep/wake cycle of a cocaine user after administration of CDP-choline. The data in 
Figure 1 are on the quality of sleep for multiple subjects (who were also monitored as a 
result of cocaine use). Thus, the specification provides supporting data on the ability of 
CDP-chohne to affect sleep for more than one individual, in contrast to the assertion of 
the Examiner. Figure 2A shows the activity levels of a subject over five days prior to 
administration of CDP-choline, and Figure 2B shows the activity levels of the same 
subject over five days after treatment with CDP-choline (Specification, page 7, lines 15- 
21). The specification further states that CDP-choline was effective in normalizing the 
sleep/wake cycle of the subject of Figures 2A-2B (Specification, page 7, lines 17-19). 
Thus, the condition being treated, i.e., an abnormal sleep/wake cycle, is apparent, in 
contrast to the assertion of the Examiner, Although the subjects of the experiments 
represented in Figures 1 and 2A-2B were users of cocaine, Appellants also submit that 
the results of CDP-choline on the sleep/wake cycle and quality of sleep are applicable to 
individuals who are not users of cocaine. 

As Appellants have provided working examples and explanations of their 
relevance, the Examiner must "evaluate all the facts and evidence and state why one 
would not expect to be able to extrapolate that . . . example across the entire scope of the 
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claims" (M.P.E.P. § 2164.02). Throughout prosecution of this application, the Examiner 

has failed to do so. Instead, the Examiner merely concludes: 

In any event the instant data set is simply inadequate to enable the instant 
patent claims because of the lack of adequate showing(s) that the claimed 
effects of CDP-choline administration are common to a reasonable number 
of similarly situated hosts in need of such treatment. (Action, page 2) 

The Examiner has not, however, supported this conclusion with legal or scientific 
analysis as required. Furthermore, as discussed above, the Examiner has failed to explain 
why the human clinical data provided in the specification are insufficient to support the 
enablement of the full claim scope. Finally, the Examiner has provided no reason why 
the data on the observed effect of CDP-choline on the sleep- wake cycle and sleep quality 
in cocaine users are not applicable to other subjects. 

There is no better indicator of the enablement of the present claims than the 
demonstrated efficacy in humans, as provided in the present specification. These data 
have, however, been dismissed by the Examiner, who requests that Appellants conduct 
fiirther clinical trials (see. Action, pages 2 and 6). The enablement standard does not 
require a clinical tiial suitable for submission to the FDA (see M.P.E.P. §§ 2107.03(IV)- 
(V), to the extent the rejection is based on lack of utility, and 2164.05); indeed, it does 
not require experimental data of any kind (M.P.E.P. § 2164.02). Accordingly, the 
Examiner's continued insistence that Appellants conduct clinical trials is inappropriate. 

Moreover, as discussed above, Appellants provide scientific reasoning in the 
specification to support the effectiveness of the claimed compounds for the full scope as 
claimed. In particular, the specification teaches that, based on the experimental 
observations, CDP-choline likely stabiHzes homeostatic process involved in numerous 
sleep disorders (Specification, page 6, lines 23-26) and may be used to increase cognitive 
functioning in subjects in a sleep-deprived state (Specification, page 6, line 26 - page 7, 
line 1). The specification further provides scientific reasoning supporting the use of 
uridine-containing compounds, adenosine-containing or elevating compounds, and 
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creatine in the claimed methods (Specification, page 8, lines 19-27; page 9, Unes 14-16; 
and page 9, lines 22-25). 

(H) The Quantity of Experimentation Needed to Make or Use the Invention Based 
on the Content of the Disclosure. 

For this factor, the Examiner concludes that the quantity of experimentation is 
excessive "in light of the indefiniteness and functional claim terminology" and "because 
the exemplary evidence is so limited in quantity" (Action, page 4). Again, the Examiner 
has failed to make any findings of fact to support this conclusion. The Examiner has also 
only considered the experimental data provided and not the scientific reasoning or 
exemplary conditions, compounds, dosages, formulations, routes of administration, 
patient populations, and assay methods provided. As is discussed below, the instant 
claims, though generic, are definite because one skilled in the art would understand their 
metes and bounds. 

In the present case. Appellants have provided data on the efficacy of CDP-choline 
in human subjects as well as scientific reasoning to support the scope of the claims. In 
addition, the specification provides exemplary assays for determining the effectiveness of 
various compounds, a defined list of specific compounds, preferred dosages, 
formulations, and patient populations. In the pharmaceutical arts, experimentation to 
determine the optimum chemical composition, formulation, and dosage for treating a 
particular condition is routine once the lead compounds are identified. Accordingly, 
Appellants have provided a reasonable amount of guidance with respect to the claimed 
methods. 

In short, a consideration of the Wands factors indicates that the instant claims are 
enabled. The claims are supported by human data and substantial guidance in the 
specification, and, as evidenced by the prior art, the claims are directed to known, 
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tractable problems. In view of these facts and the lack of any contradictory reasoning or 
evidence from the Examiner, the rejection should be reversed. 

IV. Additional Factors Support the Enablement of Several of the Dependent 
Claims. 

In addition to the arguments above for the independent claims, additional 
considerations support the enablement of claims 3, 5, 7, 9, 13, 16, 18, 23, and 26. 

In particular, claims 3, 5, and 7 recite specific compounds, i.e., cytidine, CDP- 
choline, and CDP, for use in the method of claim 1; claim 16 recites CDP-choline for use 
in the method of claim 12; claim 18 recites CDP-choline for use in the method of claim 
17; and claim 26 recites CDP-choline for use in the method of claim 22. As each of these 
claims is directed to the use of specific compounds, their scope is narrower than that of 
the independent claims. In addition, claims 5, 16, 18, and 26 require CDP-choline, which 
is the active agent used to obtain the experimental data provided in the specification. As 
discussed above, the specification teaches that, based on these experimental observations, 
CDP-choline (citicoline) likely stabilizes homeostatic processes involved in numerous 
sleep disorders (Specification, page 6, lines 23-26) and may be used to increase cognitive 
fiinctioning in subjects in a sleep-deprived state (Specification, page 6, line 26 - page 7, 
line 1). The specification further teaches that citicoline is metabolized into cytidine and 
choline and that cytidine interconverts with uridine in vivo, thereby supporting the 
claimed uses of these additional classes of compounds (Specification, page 8, lines 3-7 
and page 9, lines 14-16). 

Claims 13 and 23 are directed to treatment of sleep disorders caused by substance 
abuse disorders. The human subjects of the experiments provided in the specification 
were users of cocaine (Specification, page 7, lines 15-17, Figures 1 and 2A-2B). The 
administration of CDP-choline to a representative individual resulted in the normalization 
of the sleep/wake cycle (Specification, page 7, lines 17-19). As this individual had a 
disrupted sleep/wake cycle as a result of cocaine abuse, these data provide direct 
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evidence of the efficacy of the claimed methods of treating sleep disorders caused by a 
substance abuse disorder. 

Finally, claim 9 is directed to the normalization of the sleep/wake cycle in a 
human subject. As discussed, the specification provides data showing the efficacy of the 
claimed compounds in normalizing the sleep/wake cycle of a human subject. 
Accordingly, the data directly support the enablement of this claim. 

Claims 3, 5, 7, 9, 13, 16, 18, 23, and 26 are directed to particular embodiments of 
the independent claims. Each of these claims is directed to a compound, cause of the 
disorder, or subject evaluated experimentally. In addition to the general failure to support 
the rejection discussed above, the Examiner has failed to provide any reason why the data 
do not support the enablement of these claims. For these reasons as well, the rejection 
should be reversed. 

Definiteness 

The Examiner has also rejected claims 1-3, 5, 7-13, 17, 19, 22, 23, and 26 for 
indefiniteness. The purpose of the definiteness requirement is to ensure that "the scope 
of the claim is clear to a hypothetical person possessing the ordinary skill in the pertinent 
art" (M.P.E.P. § 2171). An appUcant "can define in the claims what they regard as their 
invention essentially in whatever terms they choose. . . [and] may use functional language, 
alternative expressions, negative limitations, or any style of expression or format of claim 
which makes clear the boundaries of the subject matter for which protection is sought" 
(M.P.E.P. § 2173.01). In addition, "a claim may not be rejected solely because of the 
type of language used to define the subject matter for which patent protection is sought" 
(M.P.E.P. § 2173.01). 

On the issue of definiteness, M.P.E.P. § 2173.02 states: 

Definiteness of claim language must be analyzed, not in a vacuum, 
but in light of: 

(A) The content of the particular application disclosure; 

(B) The teachings of the prior art; and 
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(C) The claim interpretation that would be given by one possessing 
the ordinary level of skill in the pertinent art at the time the invention was 
made. 

Many of the rejections raised by the Examiner turn on his belief that certain claim 
terms are too broad. On this issue, the law is clear that "[b]readth of a claim is not to be 
equated with indefmiteness" (M.P.E.P. § 2173.04). 

Each of the bases for rejection is addressed in turn below. 



I. Claims 1, 12, 17, and 22 - "compound comprising" 

The first basis for this rejection is that claims 1, 12, 17, and 22 recite: 

compound comprising C3^idine, cytidine monophosphate (CMP), cytidine 
diphosphate (CDP), cytidine triphosphate (CTP), deoxycytidine monophosphate 
(dCMP), deoxycytidine diphosphate (dCDP), deoxycytidine triphosphate (dCTP), 
cytidine diphosphate-choline (CDP-choline), cytosine, uridine, uridine 
monophosphate (UMP), uridine diphosphate (UDP), uridine triphosphate (UTP), 
or triacetyl uridine^ 

On this point, the Examiner states: 

the subsequent Ust of compounds are all named as separate compounds 
rather than substituent moieties of a larger molecular species, and because 
the larger molecular species implied by the term "comprising' (including) is 
not subsequently defined thereby leaving the metes and bounds of the 
claimed subject matter incompletely defined. (Action, page 7) 

Notably, the Examiner has pointed to no precedent or rule that prohibits use of the 
language recited in the present claims and has provided no reason or evidence as to why 
one skilled in the art would be unable to discern the metes and bounds of the claims. 

The present claims recite several classes of compounds, the members of which are 
related by their formal relationship to the recited compound. On this point, M.P.E.P. 
§ 2173.05(t) states, "Chemical compoimds may be claimed by a name that adequately 



3. Claims 17 and 22 additionally recite creatine, adenosine, adenosine monophosphate (AMP), adenosine 
diphosphate (ADP), adenosine triphosphate (ATP), S-adenosylmethionine, propentofylline, or erythro-9-(2- 
hydroxy-3-nonyl)adenine (EHNA). 
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describes the material to one skilled in the art," and, here, one skilled in the art would 
understand the metes and bounds of the claims based on the formal relationship between 
the compounds encompassed and the recited classes. In addition, the defmiteness 
requirement does not require that each chemical entity encompassed by a claim be 
described in complete molecular detail, but instead only in such detail as required for one 
skilled in the art to determine the scope of the claims. Classes of compounds, as with the 
present claims, are routinely used to refer to numerous related compounds both in the 
scientific and the patent literature. For example, von Borstel (International Publication 
No. WO 00/11 952) (Evidence Appendix) provides acylated forms of cytidine and uridine 
on pages 9 and 10, and Radulovacki et al. describes several adenosine analogs including 
cyclohexyladenosine and adenosine-5'-N-ethylcarboxamide. One skilled in the art 
viewing these compounds would readily determine that they comprise C3^idine, uridine, 
or adenosine, as recited in the present claims. The rejection should be reversed. 

II. Claim 12 - "physical condition" 

Claim 12 stands further rejected for indefiniteness for reciting that the "mammal's 
health is not compromised by an existing physical condition." The basis of this rejection 
is that the limitation "is an improper negative limitation because the particular 'existing 
physical limitation[s]' have not been specified in the claim." (Action, page 7). The 
Examiner also asserts that "one of ordinary skill cannot determine from the claim what 
existing medical conditions are included within the metes and bounds of the claims and 
what existing medical conditions are not so included by the instant claims. . ." (Action, 
page 8). 

First, the Examiner has based his analysis on terms not recited in the claims. 
Specifically, claim 12 does not use the term "medical conditions," as asserted by the 
Examiner. Instead, the claim excludes treatment of mammals whose health is 
compromised by a physical condition, e.g., head trauma. The claim does not exclude 
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treatment of mammals suffering from mental conditions, such as the sleep disorders 
being treated, depression, or substance abuse. 

In addition, as is noted above, breadth is not indefiniteness. Accordingly, it is 
improper to reject a claim for indefiniteness because it recites a generic term rather than 
the species that make up the genus. As argued during prosecution, the term "physical 
condition" is an art accepted generic term, as evidenced by a PubMed search for the term 
yielding 11 95 references published before the present priority date (Evidence Appendix). 
No further specificity is thus required under § 1 12, second paragraph. 

Negative limitations, as recited in claim 12, also do not require specifying every 
species of an excluded generic term. M.P.E.P. § 2173.05(1) states. "The current view of 
the courts is that there is nothing inherently ambiguous or uncertain about a negative 
limitation. So long as the boundaries of the patent protection sought are set forth 
definitely, albeit negatively, the claim complies with [the definiteness requirement]." As 
the term "physical condition" is definite, its exclusion from claim 12 is also definite. 

Finally, a medical professional would know whether or not a particular subject has 
compromised health because of a physical condition. Claim 12 excludes treatment of 
sleep disorders in a mammal whose health is compromised by any physical condition. 
There is no need to specify particular disorders as they are all excluded. As one skilled in 
the art would understand the metes and bounds of the term "physical condition," the 
rejection should be reversed. 

III. Claims 13 and 23 - antecedent basis 

Claims 13 and 23 stand rejected for lack of antecedent basis for the phrase "said 
sleep disorder is caused by a substance abuse disorder." The basis of the rejection is that 
the Examiner believes that specifying the cause of the sleep disorder being treated in 
claim 13 expands the subject matter of claim 12 (Action, page 8). Appellants disagree. 

As has been argued numerous times, claim 13 is drafted according to well- 
established U.S. patent practices. Claim 13 is not broader that claim 12, as asserted by 
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the Examiner, because claim 13 places limits on terms recited in claim 12. Claim 12 
covers the treatment of all sleep disorders except insomnia and those caused by physical 
conditions. Claim 13 covers treatment of sleep disorders caused by a substance abuse 
disorder. Stated another way, if the sleep disorder is not caused by a substance abuse 
disorder, its treatment is not covered by claim 13 but is covered by claim 12. The same 
reasoning applies to the dependency of claim 23 from claim 22. 

No amendment of claim 13 or claim 23 is necessary to provide proper antecedent 
basis or to make it properly dependent from claim 12 or claim 22, The rejection should 
be reversed. 

IV. Claims 19 and 13 - "substance abuse disorder" 

Claim 19 stands rejected for reciting "not caused by a substance abuse disorder." 
The Examiner bases this rejection on his belief that the limitation "renders the claim 
incomplete because the particular substance abuse disorder(s) has(have) not been 
specified." (Action, page 8). 

As discussed above with respect to claim 12, negative limitations do not require 
specifying every species of an excluded generic term (M.P.E.P. § 2173.05(1)). As 
previously argued, the term "substance abuse disorder" is an art recognized term, as 
evidenced by a Pub Med search for the term yielding 60 references published before the 
present priority date (Evidence Appendix). As the term "substance abuse disorder" is 
definite, its exclusion from claim 19 is also definite. 

As with claim 12, a medical professional would know whether or not a particular 
sleep disorder is caused by a substance abuse disorder. Claim 19 excludes treatment of a 
sleep disorder caused by any substance abuse disorder. There is no need to specify 
particular disorders as they are all excluded. As one skilled in the art would understand 
the metes and bounds of the term "substance abuse disorder," the rejection should be 
reversed. 
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The Examiner also states that claim 13 is incomplete because "the particular 
'substance abuse disorder' has not been specified." (Action, page 8). In reply to 
previous arguments against the necessity of listing every substance abuse disorder in 
claim 13, the Examiner states that this argument "is beside the point of the above 
rejection which was noting the lack of antecedent basis." (Action, page 8). To the extent 
that the breadth of the term "substance abuse disorder" is still a basis for rejection, 
Appellants submit that this generic term is definite. 

This rejection should also be reversed. 

V. Claims 1, 12, 17, and 22 - self contradiction 

Claim 1 stands further rejected because the Examiner believes it is self- 
contradictory (Action, pages 8-9). Although the record is unclear, claims 12, 17, and 22 
also appear to be rejected on the same basis (Action, page 9). 

On the basis of his review of Stedman's Medical Dictionary and the Merck 
Manual, the Examiner asserts that it is not possible to normalize the sleep/wake cycle 
without treating insomnia (Action, pages 8-9). Appellants disagree. 

It appears that the basis of the rejection is that the Examiner equates an abnormal 
sleep/wake cycle with insomnia. As is apparent from Stedman's and the Merck Manual 
(Evidence Appendix), insomnia, by definition, is an inability to sleep. Appellants have 
previously argued that an abnormal sleep/wake cycle can occur when a subject sleeps too 
much. Accordingly, insomnia is not synonymous with an abnormal sleep/wake cycle. 
Exclusion of treatment of insomnia from the method of claim 1 therefore is not self- 
contradictory. 

In reply to these arguments, the Examiner has provided no reason why insomnia is 
synonymous with normalizing the sleep/wake cycle or why one skilled in the art would 
not be able to understand the metes and bounds of the present claims. Accordingly, there 
is no basis for the rejection, and it must be reversed. 
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With respect to claims 12 and 22, these claims are directed to various sleep 
disorders. As is well known in the art and discussed in the references provided by the 
Examiner, insomnia is not the only sleep disorder, nor is it an element of every sleep 
disorder. Accordingly, the exclusion of insomnia from the scope of claims 12 and 22 is 
not contradictory. 

Claim 17 is directed to a method for increasing cognitive function in a sleep- 
deprived mammal not suffering from insomnia. As discussed, insomnia relates to an 
inability to sleep - not to lack of sleep per se. The conscious decision to stay awake is 
not synonymous with insomnia. Thus, a mammal may be deprived of sleep without 
suffering from insomnia. Accordingly, there is no contradiction in excluding mammals 
suffering from insomnia from the scope of claim 17. 

VI. Claims 1, 12, 17, and 22 - preambles 

Claims 1, 12, 17, and 22 stand rejected for indefiniteness because, in the 
Examiner's view, the results of the methods "are each insufficient to adequately define 
the particular disease condition being treated and thereby each noted term renders the 
associated claim incompletely defined." (Action, page 10) The Examiner further states 
that the claims "represent a therapeutic goal (a sleep-disorder-related symptom to be 
treated) but ... do not define with particularity a critical portion of the subject matter . . . 
being claimed." (Action, page 10). 

This rejection also appears to be based on the use of generic terms, and so is 
improper. A definite claim is one in which the scope is clear to the skilled artisan. In 
particular, there is no requirement for an applicant to claim treatment of a specific 
disorder rather than symptoms of a disorder. One skilled in the art would understand 
what is encompassed by "normalizing the sleep/wake cycle," "treating a sleep disorder," 
or "increasing cognitive function in a sleep-deprived mammal." Nothing more is 
required. 
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Regarding claim 1, the claim recites a method of normalizing the sleep/wake 
cycle. The term "normalize" means "to make conform to or reduce to a norm or 
standard" (Merriam- Webster Online Dictionary, Evidence Appendix). In addition, the 
term "sleep/wake cycle" is an art-known term denoting a mammal's pattern of being 
awake and being asleep. Thus, "normalizing the sleep/wake cycle of a mammal" simply 
means making the sleep/wake pattern of a mammal conform to its norm or standard, the 
parameters of which are well known to practitioners in this field. Furthermore, some 
mammals are diurnal (i.e., active during the day), some are nocturnal (i.e., active during 
the night), and others are some combination of the two; thus, the norm or standard will 
depend on the individual mammal. One skilled in the art would easily be able to 
ascertain whether a mammal had an abnormal sleep/wake cycle, and claim 1 
encompasses all methods of normalizing the sleep/wake cycle in mammals not suffering 
from insomnia. All of these things would be readily understood by one of skill in the art. 

With respect to recitation of "sleep disorder" in claims 12 and 22, the term is 
defined in the specification on page 2, lines 27-28 and is also commonly used in the art, 
as evidenced by the enclosed PubMed search indicating that the term has appeared in 
over 500 references prior to the filing date of the present application (Evidence 
Appendix). One skilled in the art would be able to determine whether a mammal had a 
sleep disorder requiring treatment. Accordingly, one skilled in the art would understand 
the metes and bounds of the methods of claims 12 and 22. 

Finally, claim 17 is directed to methods of increasing cognitive function in a sleep 
deprived mammal. "Cognitive function" is also an art-used term whose metes and 
bounds are apparent to one skilled in the art, as evidenced by a search of PubMed 
yielding 4563 references reciting the phrase prior to the December 20, 2002 priority date 
for the instant application (Evidence Appendix). Sleep deprivation is also well known in 
the art and requires no further explanation. Increasing cognitive function in a sleep 
deprived mammal would thus be understood by one of ordinary skill, and this claim is 
also definite. 
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The preamble of claims 1, 12, 17, and 22 are definite, and this rejection should be 
reversed. 

VII. Claims 1-3, 5, 7-12, 22, and 26 - "in need thereof 

The Examiner has rejected these claims because they do not provide a recitation of 
"in need thereof" (Action, page 10). To address this rejection, Appellants amended 
claims 1,12, and 22 to recite "in need thereof in the amendment under 37 C.F.R. 
§ 41.33 filed on June 16, 2009. Entry of the amendment renders this rejection moot. 

VIII. Claims 17 and 20 - "problem sleepiness" 

The Examiner has requested clarification of these claims because "problem 
sleepiness" is not described in his medical dictionaries (Action, page 10). In reply. 
Appellants note that this term was previously misinterpreted by the Office during 
prosecution in the Action mailed on December 16, 2004. In reply. Appellants provided 
the Office with "Facts about Problem Sleepiness," published in September 1997 by the 
National Institutes of Health with the Reply of June 16, 2005. Appellants again assert 
that "problem sleepiness" should be interpreted based on "Facts about Problem 
Sleepiness," a copy of which is enclosed in the Evidence Appendix. 

As clarification has been provided, the rejection is moot. 

Obviousness and Obviousness-type Double Patenting 

The final basis of appeal is the rejection of all claims for both obviousness and 
obviousness-type double patenting over Renshaw. 

I. The Claims Are Non-Obvious over Renshaw. 

The analytical framework to be used in determining obviousness was set forth by 
the U.S. Supreme Court in Graham v. John Deere Co., 383 U.S. 1, 17-18, 148 USPQ 459 
(1966): 
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Under § 103, the scope and content of the prior art are to be determined; 
differences between the prior art and the claims at issue are to be 
ascertained; and the level of ordinary skill in the pertinent art resolved. 
Against this background, the obviousness or nonobviousness of the subject 
matter is determined. Such secondary considerations as commercial 
success, long felt but unsolved needs, failure of others, etc., might be 
utilized to give light to the circumstances surrounding the origin of the 
subject matter sought to be patented. As indicia of obviousness or 
nonobviousness, these inquiries may have relevance. 

The Supreme Court reaffirmed this standard for obviousness in KSR Int 7 Co. v. Telejlex 
Inc., 550 U.S. 398, 82 USPQ2d 1385 (2007). 

In order to support a prima facie case of obviousness the Examiner must make 
appropriate findings of fact and consider these facts in light of evidence provided by the 
Appellant. Furthermore, any obviousness rejection requires an analysis of the differences 
between the prior art and the claimed invention, as well as reasoning why one skilled in 
the art would bridge the gap between the two (M.P.E.P. § 2141(111)). On this point, the 
Court states: "To facilitate review, this analysis should be made explicit. [s]ee In re 
Kahn, 441 F. 3d 977, 988 (CA Fed. 2006) ('[R] ejections on obviousness grounds cannot 
be sustained by mere conclusory statements; instead, there must be some articulated 
reasoning with some rational underpinning to support the legal conclusion of 
obviousness')." KSR Int'l Co., 550 U.S. at 418, 82 USPQ2d at 1396. 

For the present rejection, the Examiner has not properly considered the Graham 

factors. The entire basis of the rejection is: 

The '703 reference [i.e., Renshaw] claims the "ameliorating a stimulant 
induced disorder," wherein the "stimulant" is defined in claim 13 as 
"cocaine" and wherein the treatment comprises administration of a cytosine 
or cytidine compound including CDP-choline or CDP. 

The claimed subject matter in the '703 reference [i.e., Renshaw] clearly is 
not identical with the subject matter in the instant application, but also 
clearly overlaps therewith in Ught of the common stimulant and common 
active ingredients, thereby rendering the instant claimed subject matter 
obvious. (Action, pages 12-13) 
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This position of the Examiner shows a lack of consideration of the scope of Renshaw, the 
scope of the present claims, and the differences between the two. The Examiner has also 
again made a general rejection of all claims without considering their individual 
limitations. Appellants are also unaware of any legal authority for the proposition that 
potential overlap alone is sufficient to establish a prima facie case of obviousness, and 
the Examiner provides no support for this position. 

Proper consideration of the Graham factors indicates that the present claims are 
not obvious over Renshaw. With respect to scope and content, Renshaw is directed to 
methods of preventing or ameliorating a stimulant- induced disorder and cerebral 
vasoconstriction sequelae by administering a cytidine-containing or c)^osine-containing 
compounds, such as CDP-choline (col. 1, line 53 - col. 2, line 10). Renshaw further 
states that cerebral vasoconstriction sequelae may include cognitive impairment (col. 3, 
11. 22-29). The reference is completely silent with respect to disruptions of the 
sleep/wake cycle, any sleep disorder, and any effects of sleep deprivation. 

In contrast to Renshaw, the present claims are directed to a method of normalizing 
the sleep/wake cycle of a mammal (claim 1); methods of treating a sleep disorder (claims 
12 and 22), and a method for increasing cognitive function in a sleep-deprived mammal 
(claim 17). The claimed methods employ inter alia cytidine- or cytosine-containing 
compounds, such as CDP-choline. The sleep disorders treated may be caused by 
substance abuse disorders (e.g., claims 13, 14, 23, and 24) or not caused by substance 
abuse disorders (e.g., claim 19). 

The significant differences between the prior art and the claimed invention are that 
Renshaw does not discuss sleep or sleep deprivation in any context, and there is nothing 
in Renshaw that connects stimulant use or cerebral vasoconstriction with disruptions in 
the sleep/wake cycle (claim 1), sleep disorders (claims 12 and 22), or cognitive 
impairment in sleep-deprived mammals (claim 17). Furthermore, claim 19 explicitly 
excludes treatment of a sleep disorder caused by substance abuse. Accordingly, Renshaw . 
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does not overlap with claim 19, and the Examiner's basis for the rejection is inapplicable 
to this claim. 

The level of ordinary skill is discussed above with respect to the enablement 
rejection. While the methods of Renshaw are directed to treatment of individuals who 
may also be treated using the methods of claims 1, 12, 17, and 22, the Examiner has 
provided no rationale as to why this potential overlap in patient populations would lead 
the skilled artisan to modify the teachings of Renshaw to arrive at the methods of any of 
independent claims 1, 12, 17, or 22. Furthermore, each of these independent claims is 
directed to distinct subject matter, each requiring a separate rationale to support the 
rejection. While a physician or medicinal chemist could implement the distinct methods 
of claims 1, 12, 17, and 22 using the guidance provided by the present application, there 
is no reason why such an individual would alter the methods of Renshaw to produce what 
it claimed. 

In sum, the Examiner has based the present rejection on a standard of "overlap" 
rather than consideration of the Graham factors. Proper consideration of the Graham 
factors shows that there is no connection between the teachings of Renshaw and the 
distinct methods of claims 1, 12, 17, or 22. Thus, there is no rationale to support the 
present rejection, and it should be reversed. 

II. The Present Claims Are Not Obvious Variants of the Renshaw Claims 

In addition to the obviousness rejection over Renshaw, the Examiner has rejected 
the claims for obviousness-type double patenting over Renshaw, As stated in M.P.E.P. 
§ 804(II)(B)(1), the analysis for a rejection for obviousness-type double patenting 
parallels that for a rejection under 35 U.S.C. § 103. In particular, the Graham factors 
must be considered in any obviousness-type double patenting rejection. A key difference 
between obviousness-type double patenting and obviousness is that for double patenting 
only the claims and those portions of the specification pertaining to the claimed invention 
are considered, while for obviousness the entire reference is considered (M.P.E.P. 
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§ 804(II)(B)(1)). It is axiomatic that any claim that is not obvious over an entire 
reference cannot be obvious over only a portion of the reference. 

The nonobviousness of the distinct methods of claims 1, 12, 17, and 22 is 
discussed above. As noted, Renshaw is completely silent with respect to the sleep/wake 
cycle, sleep disorders, and impaired cognitive function in sleep-deprived subjects. In 
addition, the claims of Renshaw are focused on stimulant-induced conditions, i.e., 
stimulant-induced disorders in claim 1 and stimulant-induced cerebral vasoconstriction 
sequelae in claim 5. And the Examiner has not provided any reason, from the prior art, 
why one skilled in the art would apply a treatment for a stimulant-induced disorder or 
cerebral vasoconstriction sequelae to normalization of the sleep/wake cycle, treatment of 
a sleep disorder, or increasing the cognitive function of a sleep-deprived mammal. 
Accordingly, the rejection of the claims to each of these distinct methods should be 
reversed. 

In addition, as discussed above, claim 19 is directed to treatment of a sleep 
disorder not caused by a substance abuse disorder. The only basis for this rejection is 
that the patient population of Renshaw overlaps with that of the present claims. As claim 
19 explicitly excludes treatment of sleep disorders caused by substance abuse, there can 
be no overlap with the claims of Renshaw. Thus, the Office has failed to provide a basis 
to support the rejection of claim 19, and, for this reason as well, it should be reversed. 
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Conclusion 

Appellant respectfully requests that the rejection of claims 1-3, 5, 7-20, and 22-26 
be reversed. It is believed that no fee is required to submit this amended brief on appeal. 
If there are any charges or any credits, please apply them to Deposit Account No. 03- 
2095. 




101 Federal Street 
Boston, MA 021 10 
Telephone: 617-428-0200 
Facsimile: 617-428-7045 
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Claims Appendix - 
Claims after Amendment under 37 C.F.R. § 41.33 



1. (Currently amended) A method of normalizing the sleep/wake cycle of a 
mammal in need thereof, said method comprising orally administering to said mammal a 
therapeutically-effective amount of a compound comprising cytidine, cytidine 
monophosphate (CMP), cytidine diphosphate (CDP),. cytidine triphosphate (CTP), 
deoxycytidine monophosphate (dCMP), deoxycytidine diphosphate (dCDP), 
deoxycytidine triphosphate (dCTP), cytidine diphosphate-choline (CDP-choline), 
cytosine, uridine, uridine monophosphate (UMP), uridine diphosphate (UDP), uridine 
triphosphate (UTP), or triacetyl uridine, wherein said mammal is not suffering from 
insomnia. 

2. (Previously presented) The method of claim 1, wherein said administration 
reduces fatigue or tiredness, increases wakefulness, or improves the sleep quality of said 
mammal. 

3. (Previously presented) The method of claim 1, wherein said compound is 
cytidine. 

4. (Cancelled) 

5. (Previously presented) The method of claim 1, wherein said compound is CDP- 
choline. 

6. (Cancelled) 

7. (Previously presented) The method of claim 1, wherein said compound is CDP. 
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8. (Previously presented) The method of claim 1, wherein said administration is 
chronic. 

9. (Original) The method of claim 1 , wherein said mammal is a human. 

10. (Original) The method of claim 9, wherein said human is a child or 
adolescent. 

11. (Original) The method of claim 9, wherein said human is an older adult. 

12. (Currently amended) A method of treating a sleep disorder, said method 
comprising administering to a mammal in need thereof a therapeutically-effective amount 
of a compound comprising cytidine, cytidine monophosphate (CMP), cytidine 
diphosphate (CDP), cytidine triphosphate (CTP), deoxycytidine monophosphate (dCMP), 
deoxycytidine diphosphate (dCDP), deoxycytidine triphosphate (dCTP), cytidine 
diphosphate-choline (CDP-choline), cytosine, uridine, uridine monophosphate (UMP), 
uridine diphosphate (UDP), uridine triphosphate (UTP), or triacetyl uridine, wherein said 
mammal's health is not compromised because of an existing physical condition and 
wherein said mammal is not suffering from insomnia. 

13. (Original) The method of claim 12, wherein said sleep disorder is caused by a 
substance abuse disorder. 

14. (Previously presented) The method of claim 13, wherein said substance abuse 
disorder is alcohol, caffeine, or cocaine dependence. 



35 



15. (Previously presented) The method of claim 12, wherein said sleep disorder is 
constructive or obstructive sleep apnea, restless leg syndrome, periodic limb movements, 
or narcolepsy. 

16. (Previously presented) The method of claim 12, wherein said compound is 
CDP-choline. 

17. (Currently amended) A method of increasing cognitive function in a sleep- 
deprived mammal, said method comprising administering a therapeutically-effective 
amount of a compound comprising cytidine, cytidine monophosphate (CMP), cytidine 
diphosphate (CDP), cytidine triphosphate (CTP), deoxycytidine monophosphate (dCMP), 
deoxycytidine diphosphate (dCDP), deoxycytidine triphosphate (dCTP), cytidine 
diphosphate-choline (CDP-choline), cytosine, uridine, uridine monophosphate (UMP), 
uridine diphosphate (UDP), uridine triphosphate (UTP), triacetyl uridine, creatine, 
adenosine, adenosine monophosphate (AMP), adenosine diphosphate (ADP), adenosine 
triphosphate (ATP), S-adenosylmethionine, propentofylline, or erythro-9-(2-hydroxy-3- 
nonyl)adenine (EHNA) to a mammal suffering from sleep deprivation, wherein said 
mammal is not suffering from insomnia. 

1 8. (Previously presented) The method of claim 17, wherein said compound is 
CDP-choline. 

19. (Previously presented) The method of claim 12, wherein said sleep disorder is 
not caused by a substance abuse disorder. 

20. (Previously presented) The method of claim 12, wherein said sleep disorder is 
problem sleepiness. 
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21. (Cancelled) 



22. (Currently amended) A method of treating a sleep disorder, said method 
comprising administering to a mammal in need thereof a therapeutically- effective amount 
of a compound comprising cytidine, cytidine monophosphate (CMP), cytidine 
diphosphate (CDP), cytidine triphosphate (CTP), deoxycytidine monophosphate (dCMP), 
deoxycytidine diphosphate (dCDP), deoxycytidine triphosphate (dCTP), cytidine 
diphosphate-choline (CDP-choline), cytosine, uridine, uridine monophosphate (UMP), 
uridine diphosphate (UDP), uridine triphosphate (UTP), triacetyl uridine, creatine, 
adenosine, adenosine monophosphate (AMP), adenosine diphosphate (ADP), adenosine 
triphosphate (ATP), S-adenosylmethionine, dip)Tidamole, propentofylline, or erythro-9- 
(2-hydroxy-3-nonyl)adenine (EHNA), wherein said sleep disorder is not insomnia or 
sleep apnea. 

23. (Previously presented) The method of claim 22, wherein said sleep disorder is 
caused by a substance abuse disorder. 

24. (Previously presented) The method of claim 23, wherein said substance abuse 
disorder is alcohol, caffeine, or cocaine dependence. 

25. (Previously presented) The method of claim 22, wherein said sleep disorder is 
restless leg sjmdrome, periodic limb movements, or narcolepsy. 

26. (Previously presented) The method of claim 22, wherein said compound is 
CDP-choline. 
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27. - 30. (Cancelled) 
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Claims Appendix - 
Claims prior to Amendment under 37 C.F.R. S 41.33 



1 . (Previously presented) A method of normalizing the sleep/wake cycle of a 
mammal, said method comprising orally administering a therapeutically-effective amount 
of a compound comprising cytidine, cytidine monophosphate (CMP), cytidine 
diphosphate (CDP), cytidine triphosphate (CTP), deoxycytidine monophosphate (dCMP), 
deoxycytidine diphosphate (dCDP), deoxycytidine triphosphate (dCTP), cytidine 
diphosphate-choline (CDP-choline), cytosine, uridine, uridine monophosphate (UMP), 
uridine diphosphate (UDP), uridine triphosphate (UTP), or triacetyl uridine, wherein said 
mammal is not suffering from insomnia. 

2. (Previously presented) The method of claim 1, wherein said administration 
reduces fatigue or tiredness, increases wakefulness, or improves the sleep quality of said 
mammal. 

3. (Previously presented) The method of claim 1, wherein said compound is 
C)^dine. 

4. (Cancelled) 

5. (Previously presented) The method of claim 1, wherein said compound is CDP- 
choline. 

6. (Cancelled) 

7. (Previously presented) The method of claim 1 , wherein said compound is CDP. 



39 



8. (Previously presented) The method of claim 1, wherein said administration is 
chronic. 

9. (Original) The method of claim 1, wherein said mammal is a human. 

10. (Original) The method of claim 9, wherein said human is a child or 
adolescent. 

1 1 . (Original) The method of claim 9, wherein said human is an older adult. 

12. (Previously presented) A method of treating a sleep disorder, said method 
comprising administering to a mammal a therapeutically- effective amount of a compound 
comprising cytidine, cytidine monophosphate (CMP), cytidine diphosphate (CDP), 
cytidine triphosphate (CTP), deoxycytidine monophosphate (dCMP), deoxycytidine 
diphosphate (dCDP), deoxycytidine triphosphate (dCTP), cytidine diphosphate-choline 
(CDP-choline), cytosine, uridine, uridine monophosphate (UMP), uridine diphosphate 
(UDP), uridine triphosphate (UTP), or triacetyl uridine, wherein said mammal's health is 
not compromised because of an existing physical condition and wherein said mammal is 
not suffering from insomnia. 

13. (Original) The method of claim 12, wherein said sleep disorder is caused by a 
substance abuse disorder. 

14. (Previously presented) The method of claim 13, wherein said substance abuse 
disorder is alcohol, caffeine, or cocaine dependence. 
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15. (Previously presented) The method of claim 12, wherein said sleep disorder is 
constructive or obstructive sleep apnea, restless leg syndrome, periodic limb movements, 
or narcolepsy. 

16. (Previously presented) The method of claim 12, wherein said compound is 
CDP-choline. 

17. (Previously presented) A method of increasing cognitive function in a sleep- 
deprived mammal, said method comprising administering a therapeutically-effective 
amount of a compound comprising cytidine, cytidine monophosphate (CMP), cytidine 
diphosphate (CDP), cytidine triphosphate (CTP), deoxycytidine monophosphate (dCMP), 
deoxycytidine diphosphate (dCDP), deoxycytidine triphosphate (dCTP), cytidine 
diphosphate-choline (CDP-choline), cytosine, uridine, uridine monophosphate (UMP), 
uridine diphosphate (UDP), uridine triphosphate (UTP), triacetyl uridine, creatine, 
adenosine, adenosine monophosphate (AMP), adenosine diphosphate (ADP), adenosine 
triphosphate (ATP), S-adenosylmethionine, propentofylline, or EHNA to a mammal 
suffering from sleep deprivation, wherein said mammal is not suffering from insomnia. 

18. (Previously presented) The method of claim 17, wherein said compound is 
CDP-choline. 

19. (Previously presented) The method of claim 12, wherein said sleep disorder is 
not caused by a substance abuse disorder. 

20. (Previously presented) The method of claim 12, wherein said sleep disorder is 
problem sleepiness. 

21. (Cancelled) 
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22. (Previously presented) A method of treating a sleep disorder, said method 
comprising administering to a mammal a therapeutically-effective amount of a compound 
comprising cytidine, cytidine monophosphate (CMP), cytidine diphosphate (CDP), 
cytidine triphosphate (CTP), deoxycytidine monophosphate (dCMP), deoxycytidine 
diphosphate (dCDP), deoxycytidine triphosphate (dCTP), cytidine diphosphate-choline 
(CDP-choline), cytosine, uridine, uridine monophosphate (UMP), uridine diphosphate 
(UDP), uridine triphosphate (UTP), triacetyl uridine, creatine, adenosine, adenosine 
monophosphate (AMP), adenosine diphosphate (ADP), adenosine triphosphate (ATP), S- 
adenosylmethionine, dipyridamole, propentofylline, or EHNA, wherein said sleep 
disorder is not insomnia or sleep apnea. 

23. (Previously presented) The method of claim 22, wherein said sleep disorder is 
caused by a substance abuse disorder. 

24. (Previously presented) The method of claim 23, wherein said substance abuse 
disorder is alcohol, caffeine, or cocaine dependence. 

25. (Previously presented) The method of claim 22, wherein said sleep disorder is 
restless leg syndrome, periodic limb movements, or narcolepsy, 

26. (Previously presented) The method of claim 22, wherein said compound is 
CDP-choline. 

27. - 30. (Cancelled) 
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FACTS ABOUT 



Problem Sleepiness 



What Is Problem Sleepiness? 

Everyone feels sleepy at times. However, 
when sleepiness interferes with daily rou- 
tines and activities, or reduces tlie ability to 
function, it is called "problem sleepiness." 
A person can be sleepy without realizing it. 
For example, a person may not feel sleepy 
during activities such as talking and listen- 
ing to music at a party, but the same person 
can fall asleep while driving home afterward. 

You may have problem sleepiness if you; 

■ consistently do not get enough sleep, or 
get poor quality sleep; 

■ fall asleep while driving; 

■ struggle to stay awake when inactive, such 
as when watching television or reading; 

■ have difficulty paying attention or concen- 
trating at work, school, or home; 

■ have performance problems at work or 

■ are often told by others that you are 
sleepy; 

■ have difficulty remembering; 

■ have slowed responses; 

■ have difficulty controlling your ei 



What Causes Problem 
Sleepiness? 

Sleepiness can be due to the body's natural 
daily sleep-wake cycles, inadequate sleep, 
sleep disorders, or certain drugs. 

Sleep-Wake Cycle 

Each day there are two periods when the 
body experiences a natural tendency toward 
sleepiness! during the late night hours 
(generally between midnight and 7 a.m.) 
and again during the midafternoon (gener- 
ally between 1 p.m. and 4 p.m.), If people 
are awake during these times, they have a 
higher risk of falling asleep unintentionally, 
especially if they haven't been getting 
enough sleep. 

Inadequate Sleep 

The amount of sleep needed each night 
varies among people. Each person needs a 
particular amount of sleep in order to be 
fully alert throughout the day. Research 
has shown that when healthy adults are 
allowed to sleep unrestricted, the average 
time slept is 8 to 8.5 hours. Some people 
need more than that to avoid problem 
sleepiness; others need less. 

If a person does not get enough sleep, even 
on one night, a "sleep debt" begins to 

build and increases until enough sleep is 



obtained. Problem sleepiness occurs 
as the debt accumulates, Many peo- 
ple do not get enough sleep during 
the work week and then sleep longer 
on the weekends or days off to 
reduce their sleep debt. If too much 
sleep has been lost, sleeping in on 
the weekend may not completely 
reverse the effects of not gstting 
enough sleep during the week. 

Sleep Disorders 

Sleep disorders such as sleep apnea, 
narcolepsy, restless legs syndrome, 
and Insomnia can cause problem 
sleepiness, S/aep apnea is a serious dis- 
order in which a person's breathing is 
interrupted during sleep, causing the 
individual to awaken many times 
during the night and experience 
problem sleepiness during the day. 
People with narcol^y have excessive 
sleepiness during the day, even after 
sleeping enough at night. They may 
fall asleep at inappropriate times and 
places. Restless legs syndrome (RLS) 
causes a person to experience 
unpleasant sensations in the legs, 
often described as creeping, crawling, 
pulling, or painful. These sensations 
frequently occur in the evening, 
making it difficult for people with 
RLS to fall asleep, leading to problem 
sleepiness during the day Insomnia Is 
the perception of poor-quality sleep 
due to difficulty falling asleep, wak- 
ing up during the night with difficul- 
ty returning to sleep, waking up too 
early in the morning, or unrefreshing 
sleep. Any of these sleep disorders 
can cause problem sleepiness. See 
page 4 for information on how to 
order fact sheets about the above 
sleep disorders. 



Medical Conditions/Drugs 
Certain medical conditions and 
drugs, including prescription med- 
ications, can also disrupt sleep and 
cause problem sleepiness. Examples 
include: 

■ Chronic illnesses such as asthma, 
congestive heart failure, rheuma- 
toid arthritis, or any other chroni- 
cally painful disorder; 

■ Some medications to treat high 
blood pressure, some heart medica- 
tions, and asthma medications such 
as theophylline; 

■ Alcohol — Although some people 
use alcohol to help themselves fall 
asleep, it causes sleep disruption 
during the night, which can lead to 
problem sleepiness during the day. 
Alcohol is also a sedating drug that 
can, even in small amounts, make a 
sleepy person much more sleepy 
and at greater risk for car crashes 
and performance problems; 

■ Caffeine— Whether consumed in 
coffee, tea, soft drinks, or medica- 
tions, caffeine makes it harder for 
many people to fall asleep and stay 
asleep. Caffeine stays in the body 
for about 3 to 7 hours, so even 
when taken earlier in the day it 
can cause problems with sleep at 
night; and 

■ Nicotine from cigarettes or a skin 
patch Is a stimulant and makes it 
harder to fall asleep and stay 



Problem Sleepiness And 
Adolescents 

Many U.S. high school and college 
students have signs of problem 
sleepiness, such as! 

■ difficulty getting up for school; 

■ Falling asleep at sdiooi; and/or 

■ struggling to stay awake while 
doing homework. 

The need for sleep may be 9 hours 
or more per night as a person goes 
through adolescence. At the same 
time, many teens begin to Show a 
preference for a later bed time, 
which may be due to a biological 
change. Teens tend to stay up later 
but have to get up early for school, 
resulting in their getting much less 
sleep than they need. 

Many factors contribute to problem 
sleepiness in teens and young adults, 
but the main causes are not getting 
enough sleep and irregular sleep 
schedules. Some of the factors that 
influence adolescent sleep include! 

■ social activities with peers that 
lead to later bedtimes; 

■ homework to be done in the 
evenings; 

■ early wake-up times due to eariy 
school start times; 

■ parents being less involved in set- 
ting and enforcing bedtimes; and 

■ employment, sports, or other 
extracurricular activities that 
decrease the time available for 
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Teens and young adults who do not 
get enough sleep are at risk for 
problems such as! 

■ automobile crashes; 

■ poor performance in school and 
poor grades; 

■ depressed moods; and 

a problems with peer and adult 
relationships. 

Many adolescents have part-time 
Jobs in addition to their classes and 
other activities. High school stu- 
dents who work more than 20 hours 
per week have more problem sleepi- 
ness and may use more caffeine, 
nicotine, and alcohol than those 
who work less than 20 hours per 
week or not at all. 



Shift Work And 
Problem Sleepiness 

About 20 million Americans (20 to 
25 percent of workers) perform shift 
virork. Most shift workers get less 
sleep over 24 hours than day work- 
ers. Sleep loss is greatest for night 
shift workers, those who work early 
morning shifts, and female shift 
workers with children at home. 
About 60 to 70 percent of shift 
workers have difficulty sleeping 
and/or problem sleepiness. 

The human sleep-wake system is 
designed to prepare the liody and 
mind for sleep at night and wakeful- 
ness during the day. These natural 
rhythms make it difficult to sleep 
during daylight hours and to stay 
awake during the night hours, even 
in people who are well rested, k is 
possible tfiat the human body never 



completely adjusts to nighttime 
activity and daytime sleep, even 
in those who work permanent 
night shifts. 

In addition to tlie sleep-wake system, 
environmental factors can influence 
sleepiness in shift workers. Because 
our society is strongly day-oriented, 
shift workers who try to sleep during 
the day are often interrupted by 
noise, light, telephones, family 
members, and other distractions. In 
contrast, the nighttime sleep of day 
Vk»)rker$ is largely protected by social 
customs that keep noises and inter- 
ruptions to a minimum. 

Problem sleepiness in shift workers 
may result in! 

■ Increased risk for automobile 
crashes, especially while driving 
home after the night shift; 

■ decreased quality of life; 

■ decreased productivity (night work 
performance may be slower and 
less accurate than day perfor- 
mance); and/or 

■ increased risk of accidents and 
injuries at work. 



What Can Help? 

Sleep— There Is No Substitute! 

Many people simply do not allow 
enough time for sleep on a regular 
basis. A first step may be to evalu- 
ate daily activities and sleep-wake 
patterns to determine how much 
sleep is obtained. If you are consis- 
tently getting less than 8 hours of 
sleep per night, more sleep may be 
needed. A good approach is to 
gradually move to an earlier bed- 



time. For example, if an extra hour 
of sleep is needed, try going to bed 
15 minutes earlier each night for 
four nights and then keep the last 
bedtime. This method will increase 
the amount of time in bed without 
causing a sudden change in sched- 
ule. However, if work or family 
schedules do not permit the earlier 
bedtime, a 30- to 60-minute daily 
nep may help. 

Medications/Drugs 

In general, medications do not help 
problem sleepiness, and some make 
it worse. Caffeine can reduce sleepi- 
ness and increase alertness, but only 
temporarily. It can also cause prob- 
lem sleepiness to become worse by 
interrupting sleep. 

While alcohol may shorten the time 
it takes to fall asleep, it can disrupt 
sleep later in the night, and there- 
fore add to the problem sleepiness. 

Medications may be prescribed for 
patients In certain situations. For 
example, the short-term use of 
sleeping pills has been shown to be 
helpful in patients diagnosed with 
acute insomnia. Long-term use of 
sleep medication is recommended 
only for the treatment of specific 
sleep disorders. 



If You're Sleepy— Don't Drive! 

A person who is sleepy and drives is 
at high risk for an automobile crash. 
Planning ahead may iTeip reduce 
that risk. For example, the follow- 
ing tips may help when planning a 
long distance car trip: 

■ Get a good night's sleep before 

■ Avoid driving between midnight 

■ Change drivers often to allow for 

rest periods. 

■ Scliedule frequent breaks. 

If you are a shift worker, the follow- 
ing may help.' 

■ decreasing the amount of night 

■ increasing the total amount of 
sleep by adding naps and length- 
ening the amount of time allotted 

■ increasing the intensity of light 
at work; 

■ having a predictable schedule of 
night shifts; 

■ eliminating sound and light in the 
bedroom during daytime sleep; 

■ using caffeine (only during the 
first part of the shift) to promote 
alertness at night; or 

■ possibly using prescription sleep- 
ing pills to help daytime sleep on 
an occasional basis (check with 
your doctor). 



If you think you are getting enough sleep, but stifi feel 
sleepy during the day, check with your doctor to be sure 
your sleepiness is not due to a sleep disorder. 



C. Fernandez (Arzneimittelforschung. Drug Res. 33:1073-1080 (1983)) - entered 
June 20, 2005 
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molecules), they do not release a larger nuiiiiberof tnolecoies 
pat time unit. 

M a co]ioJus(oa we msy say that our swuly conflnns this hy- 
sothesu and also eon&ms the Tejsults'ofakiaed in preinous 
testa will) similar detarniinationB, ¥vith tfas adv^tAgdj thst* 

our mtly sbovei a good tolenmce of CDP-cboli&e ^tlioui 

trouUes tie patjents. 



. (IS78) - [5] HcnasntJo, C, de Bias, A., Jtojwguez at casiw. A,, 
Rev. CJin, Espaaol. 151, 313 (1978) -.[fij Espadalw, J. M.. Med.- 
QiB. 71, 357 (I97S) - [7] C3arav Ullo, JT., Nueetia acperfeneia con 



. n. tratuniento las alters- 

oioaa raicSaMIinis dSl ccrcVro del auciaoo. Putiliczdb cd cI Libra de 
^oseniaas 7a CODgreso Nseiooat ds CeronroloEla y Certacda 



WuitniBn, R, jr., Soi. Am. 24tf, 42 (1982) 



(137!) - m Msdariafia, U M., Rev. fSjquiat. PsfcCsL M«. 13, 331 



From Medical Peps)in>wit, Rewerch Center, FeuBi Intaniftoioaal RA., Barpdonft (Spain) 

Efficacy and Safety of Oral CDP-Choline 
Drag survdllaiice study in 2817 cases 

Monltoredljy R, Uaaao Frantodez 



Smnonuy: A Jmg awrtaDamx ttady haa been camed out 
with oral cyttdtm (Kphosphme cHolme (CDt'-choUne, citico- 
Une, Somasitufi) in 2617 paHeitts of aU ages, predomin- 
ating thoie Iretivcen 60 and BO years om. T>Ky mre st^d^ring 
ficin seyerat neurolo^cal processes, mainly the vaseutoeere- 
oral insufficiency and senlh iavohtdcn. Ttitaimcni was ctir- 
nW eittfi/r bsirveen 25 days ami 2 months, the mean dose 
beingSml/d. 

The ^tiscy of the treatment ivtu determined on the basis of 
the Oisappearance, impmement or wrsenlng of clinical 
martifmtaions, Most fregtumfy shown by paiimts. The mpst 
Benefited etinieaJ manifiistations by the treatment yvfre; dis- 
ziness disappearins in 4^.4% of ihe cases, and improvim in 
J3S.3%; cephalea disappaari*)s in 46J% and improving in 
26.7%; Insomnia with 3S.69!> and 24.9%, respectively; depres- 
sion mh 3^.m and 24. 1% and memory s}Kina2e with 21.2% 
and 44.7% raspeelively. Tha beat results were cbmined in 
chronic cerebrovascular tnsufftctency, ihe improvements ob- 
tained in dizelrtess, cephedea, uaomrda, fatigue and speech 
troubles being the moit imp^riani 

The Safety of the drug ms excellent since side ^ects wire 
observed only in 5.01% of ihe palients. Among these affects, 
efte mmxfiequentfy sfeen ivsre digestive irmbks, observed in 
3.6%eftiieaises- 

Ainta&^fesch./ »«»ikp. 33 110, Nr. 7. 0983) 



Wirkjantkeit vnd VenrSglichhaf > 



oral verabrelclaem CDF-Cholin / Eine StuiSe an 2817 Pa- 
cieHten 

Eine Studk mil omier Verabreichmg von c^yiidttuBphos' 
pkodm&tt (CttP-CSielin, CHicolin. Soma3ind») wurde an 
2817 PaSentenfeden Alters durchgefWtrt. Fatienttn im Alter 
von 00 bis 80 Jahren mren am imfissim venreten, Sle 
seigten v&rsehiedew mwfologische Prceasse, hauptsSchlick 
vashihzerebrate Insuffizienz wnd verschtederie Forrrten der 
AltermiCkbikkng. Pie Behandhtnsen dampen IS Tage bzw. 
2 Mortati bef em«r utitthren Donierung von f ml taglieh. 
Dte Wffksamkeit der Behandlmg mtrde daran semessen. 

Ob die kliniiihen Munifesiaitonen PaiienteH VdrwAtvKM- 
den yrarea, fish gebesserc oder verscMeehten hOtteiL Die 
meisim FmenKn zeigten Schwindels^le, die bei 46.4ih 
gans ver^chwanden und sich bei SS,S% ^eaentUck besseneH, 
Pauenien, die unter SckMosigheii gelUien hatten, mnden 
M 38.6% Seheilt und 24.m fUhken sich yiesentUeh heisar. 
Pwiemert Mit Cephalgien waren su '16,5% voltkommen ge- 
hellt und za 26,7% wesemttch gebessen. Depressionen 
versekyvanden bei 36.9% und bei 24,1% waxen sig gebessen. 
GediUdmdsschvdcke wsi> hei 21,2% versckwiaiden und bei 
44.m gebessen. Die besBsnErgebnisse wurden mFUlten von 
mordteher zereibrovasku^irer lusuffiikns erzieb. Die JBr- 
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geb^se, ate bei Schmnde^gefithl, Cephalgie. Schlv^Qsig- 
Vatt and Sprachfchwierigkeiien erreicht fmrden, Sind von 

Die Vemaslichk&it kam ak optima! bezeichnet weTdsn,jmn 
tiih AUf frrf Sfim dar PaSenm unerwnsehle NabeMffekte 
zetgtm. Diese beuanden haupcsaahlkh in Itfagsnbeschwer- 
den, die in -i.iii ier behojidehen FSlte rszisifiert warden. 
Itesunen; ^ficadia y Segwidad do CPP-eoIina por via oral/ 
Estudio de Farmaco vigUmcia sobrs m ? <sasos 
Se tta Utnado <f cabo an sstutlio da farmacovigzlcmcia ecn 
cttlOtn di/b^o de colina (C£>I''Coltmi, aticolina, Svmazi- 
fufij oral en 2SI7 padensts de todas las edades, con predo- 
minio <fc hs eoMprendidoj 6ntiV bs SO y h* SO & 
halla^an efeems de dtversos procaos aeuroMsfWf, predo- 
trAnanio b insu/ieiaucia vascjiloeargbral y la invulueiin si- 
lt^ La dttractdn del tramtento juA de IS eUas a 2 mesej, 
stendo bi dosis media adminlsarada laded ml cddia. 



La ^ficaciet del tr«laMiettto ae vedoro en base a la detaperi- 
cidH, m^ioritt o empeoramiento de las mamfemdon-es citnu 
aas m&s fracutnm prtseatadas par las peieientes. Las ma- 
' nifesaieiona cUrtlcas mOs bshtjtciadas pof et vatamUnxo ' 
Jjieron: el yeriiso, me iiesajiareM en el 48.4% de los cases y 
ynsjord en el 35.2%; la cefalaa, qua desaptireetd m *f 45.5% y 
tnejord en el 26.7%: el irmmnio, con el 38.6% y 24.9% rvs- 
pecdvamEnle: la deoresidn, con el 36.9% y el 24.1%: y el di- 
' ficil de memoria. eon si Si.IH y el 44,7% reipscttvatnente. 
Las mejares resuUados se obmtieron en la tnsufinianda 
'■"ahrovascular cr6-Mea, desiacanda las mejdrias obtemdOS 
el virtiga, la cefalea, el insomnio, h/atiga yjos trastomits 



La loleramm a la meduxtcidn jUi exceiense, p^ss sdlo se 

wnsitttarot efaaos coloteraies en el S.OJ% de los pacientrs. 
Snire esws efeaos, los mas fieaientef fiteron las digejtiws, 
eamiatadas eii el 3.6% da las easos. 



Key wqrdst CDP-Chcliaa • Cerebrally active agantt ■ Carabrovaseular dlsmdm - Cftiw/wfe c&ifca/ Studies, iffusaay, sefaiy • 
Cyddlfie phosphate eMtne ■ Senibt InvotuthTi • Somastntfi 



LnttrodnctlDii 

The ^weteristioa of aging pbenomena.; univsi^ality end 
piogressivity a» goiag lo influeaoe all tjje regnlaiion me. 
dbamsnu va aged people and the leacbvuy of ihdr oisasision, 
always closer tt> pathfllcgieal situations than in people of 
other see. 

Thcicforo, while going througli 3rd age, there » a 

Uon in adaptation capactry and an increaBe in the vwlmsrabi- 

UiyaSMnst certain circumstances. 

The Jtoicitonal inodifioalioris jni^ Vo' ebosidMcd'iii tibeix 
wiiDte :»iiects DT by mtcffls or oigaBs. 
The behaviottT of Ac uftrvous system baa a apeciaj obaJftc- 
teristtc dae to its close relaaonship with arterial legulaCon. 
Bruin dccreaaw in size and wei^t (this last one tiU 10?(>). 
The esaoephalic awopby h mere mafked in xSe ifrontal area; 
ifae ciicumvoliitiQiis becDme reduced and the Stte of the 
groDivca increaaea- 

T&e dIjaPEB in colour of white substance is diftfactertstie; It 
€acDns«9 darlfew by pigment accwmulation. The most we- 
weat pig;iBe]ns are the lyporiiscin aod amylaceoue bodies, 
similar to starch Brains m astrocytic 



%.t. Scope 

WheJ» a dnig has shoion an efficacy and safety, sulEcieTit to 
be introduced in clinical Uieiapy, it ia aao«asary to go on 
with the studies in a Wgh number of cases as to detytmine, 
as olBBily aa possible, all the iadieatioiis and (teteiroinfi also 
the incidence of possible slds>^iffccts. 

This is the scope of this «4uay with dticolinc, a drus which 
duiiog the last 5 yeo» has shown ira clinical efficacy oitd 
safety, on parenietal as well as on oral admiPiBtraiicm. This 
Jact route -of adimnistr^rion -has- b^sd tested .in. patients .with 
cercbia-vasciilar iosufiicicricy, sequelae ftora oerabrel- 
vascular accident, iavolutive cerebral (tetedozadou (seaaile 
involntion), ParJdiwon'g syndrome, depressive ayndroma 
" ■ H those indltsitions riticolinc has 



fIiowq its heoeBdal effects. 



lowing jeogtspldcalt 
Calalonia/BalMric is 



Theie is a lot of neuronal changw, wlh ywics the« appear Andolnsift 
inchjsion bodies {Ufv bodies) abservlBE also hanta of 
neuToEhMs, But ono of tKs most sigmficauve signs cure the 
80 named senile plates, very frequent in the intcrstiiial tis- 



of stnietural phoepholimds that compose ihe neuronal mem. 
branes and are itsponsibte for tiie ncaxophy^olqgieal inter- 
changes. , , , . , . 
The scope of this work is to coUaot the objeouve and subject 
tive BiodlflcaeoiM as to ihc behaviour and symptomatology 
of the neufologica) processes, accompanying the chaaiges in 
the 3rd age, observed after the administration of cytidino di- 
phosphate choline {CDP-choliiie. cmcollne, Somflzlna**)). 



f.Feiretlntw 



«ional S.A., BareeIon» @ 



20. I>siti«iii popnlatial) 

This study meJudrd 3,000 cues; only 2,6JT pntiraita iafibwae Itom 
several neurajogical processes teve been tabalaisd. 
Tin »x dtatribiititia was as Ifolbws: 1,492 men (53.3%) and 1,306 
women (45.7%). la 19 of iha caSM ^ber» is no bmi qiecjactttloo. 
The petceatual distribution by age and sex h shown in PI5. 1, where 
it ran be seen 8131 die bi£hesi percentaae is between 60 fljad 80 
ycMS, uixtH & Wiisgeneoiis diitdbutian betWMnbotK seXGS. Const- 
■'vate thBt A« mum jmpenant dEagnoBen. as ws elsflll see latar on, 

_.. . i ^1 injuflicieia^ and tenilc 

I In ages over 60 y c&is. 
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Neatologlcal diagnosis are inctoaetf in TaWe 1. oertiiiavascular Sn- 
suMciency aad senile involution beioe the most unponaat compo. 
ii«iit.(l;J7S). 

n.3?t (48? cases) of ite 2,817 paticnB showed mote ihan one dias- 
uoslj orihose IttOimta ta Taijle l ; 10.22% aS3 cases) were dassed 
by the lessaiche^ of cerebyovasculat iitsuiHciency uuimced -with 
smile invoiutiaii. 

TabJe 2 shows tiis pirccntual distritwttoa of ages according w the 



suffeting ftom an assodated aneiial 



In cbAcic cerebrov&^uiBT io^uffidcncy, senile involuiiou and cese- 
bnt-va»cu!ar wndeot, tK« iiisher parosnUjei cotisapand to tKs 
mosi sdvaaced agw. 88.2^6 of the caws mOi chronic cerebrevasco- 
lar (nsuffliaeiiey were mote ta&A 60 years old, pereentagB increased 
to 95.7% in seaije savolutioai. Oo the coniraiy, the wowelae of cra- 
nisl tramnaiunu is imfiartant ajnone those youaacr than 40 ywa, 
bedjiS Ja s diraec relatioBship wiih their pby^oa) nstiyUy. 
TTie eusteibution "by sex and diasuosis ij wiy homogeaeoua, weopt 
in the jojudae of cerebral traumatisHi. k dies© casei, 68,2% oJ our 

sample u)£« TOCB, CQDipiuni to 31,9% «f womao Table 3). 



si>ecially arthrosis, deps 
3C9 out uf th« t|l>38 cases of sccaile mvQluUmi aboncd another 
ciaied pathology; 20.6% were tUatKsUc mo. is.S% hyperteasivB pa- 
iien«. 

In paticB-iB a£Biet»<i witb sequelae of oei(»{w«].*tti5ttlBt ueidvnx, 272 



36.&% IkIiq piedomlnaDi; Olabeies tepriscDied 21 
Is rhe GeQUekte afcraiual ttanmatisms, aa& pass oi ouiQ&xBg aoQ an? 
oilM of hypBtiMuifo wen «bw(VG«li 14 dui ofdw 32 r»po«t»d oaow 
Trc» podcftta aged betwseo 41 and &I ystin, 

■ Tifie tajsena^oo period 'w^^^^ fiO dayt. the cboaols brfng 

cesformedat 0. 15. 30 itncl 60 days. 

If the Byiaploiii«toJogy diaappearod in any of tlbouo oVjeiYniirai per- 
iod!, thivii tbis date wiu wnaMcicd as die euil «f tbc BCaimmt. 
TieaimBive peiiod » dctsOed ja Table 4, iccoriuag to iu raid dsta . 



tiflerlS.SDoceDdays. 
As ii taaylia neo, laoBt t>f tiM eg 
to the end period after SO diiyK. 



a, namely 2, 104 (7&5%X HlMlgs 







ai-£0 


<l-71J 
ycl. 


> 75 yri. T»blfl 4; Trestaml can 






Cbj^ic c«Tsbrovaccubf sosui^c. 

Senile ittvotaucn 

SB«^e of ctsebnl-vasLiitiiz 

S«malu ofMcebnl tUMttnodun 

oner 


0.] 

1.1 

41.3 

30.8 


n.i 

4.3 
LS.9 

3a.] 

23.5 


31.2 
3S.8 

t2.a 

19.1 


Oays 

64.2 30 
60 


No. of Ditiencs 
169 


£.3 


24.i 


2£il I lOO 



•ftiMt 3; Magnwa ditWbiaiop by ttx. 





Mean 




CtuoElc cstcbrovsjculu uiBuoMen 
Senile bvolutloo 


r 


33.4 


m 


SBuwilae of KIeb^a^Ya^calar acddi 


an (No.) 
W 


Jt,3 


J7 
31.8 
178 
4&.i 


Scuiebe of cisniat enumtii»n 
Othor 


11 .9 



iPaiienti vr«re admioieteied S.9£ se 0.049 ml (avaiaBB * SD)^y oial 

Each ml is oquivsleai to 100 aag of dtlcoUae. 

In I^g. 3 the oetpenisee of paosotc ^oocding to tbe dow Cm jtaeh 

diagnostic gioup it eaisnszed. 

In catonjc csjebm-vaaOBlar ins«(Bclea(sy 61.2% ot the samyls was 
treated with 6 mS/day and 15.5% «itH bieher doses. la senile uivolu- 

CO ^c*Um. £ .... j i^ noi t-i.... 



ja mote oua 6 tiO. tn tbe scoudaeof cs 

T^sns, 6 ml wen admLalsteted k 60.6% snd n 
ILlUoftfaceaaee. 



«17 °I^^^3 OEl) Nr. 7a Q»t3) 
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WALK INSTAfllLlTV ■ MEMORY SHORTASE DEPRESSIVE HOOD SOCIAL LIFE 




It.iicpceMiveiBOOd; 
12. sooti^ life. 

Each maiufestatiaa is eualoited ftnra 0 to 3 ai dia begiimitig and a 

theondofttwtientaicitt. accoH" • 

0. = lack o/witoptoinaiotogy; 



NiiiBbef aad'peretouge'o^ wbiseaines. 
Number and perecnta^ of sympt 
m«ai3 accanKng to libe etiological a 



2.9. 

Id order 10 ciecK ihs diagnosis Wim an objecttv* toi and to jee die 
(Smj's effeci, an ilecBoencephaloacatii was perfoiroed in 329 ([2%J 
patients at th« beiintUDS and ac tbe end of the trtacincai. 
&i 991 (35.2%} patient:!, n eomplctt mialytical'smilr eaxtsci cm 
as 10 comrol any possible influtnce of cMcollne on cbe beaiasopoie- 
(jc, bepaiic and reaal runetioD$- 

1 Kesults 
3,1) Evalnatloii 

The anolygis of the resnln was -paSoaacd with the SPSS si:a< 
tisdcal Pac5kageofahlcagoU)iivtt8ity(USA]. 
With this pfogrom, tHi evolttrion of t}>e 12 algiu aad gymp- 
loms piBvlously detailed In the paragraph "Paramstsis" 
bsve been analyzed, eaidyins lie ninnbei ancj jp«reeDlage of 
diseppeMvnoea, improvcmenis, maintMi^jicet and ttqi^ch- 
ings af each s^mpiom/slgo, expressing ihi results fndividual'- 
ly for each pamoeterin fonetion of tbefollombg vadableg; 
Number of symptomBtobgicai <!j5»ppcaiwiCBS. WSkjIo ucr- 
centagB of the symptomatoloeical oisappearBnccs in xim«, 
days IS, 30 and 60. 



Lber of ipattezits showing at ihe berannins the 13 
ayrapUaas have boeii studied; tbet u to say, those 
Willi Total disappearance of thdr symptomatology. 
The mvUs <ff» sllown la TaUs £, <vba>'s the peieentage of 
qrsiptomatological ^ppeaiaooes is alio «twwn in connec- 

tion with th« number or Diaents showing this sj 

logy »t thebf-J— ~* 



T»l>laS:Nc 


. orpaiiems 


AnUhjTer- 








Oftef 


C.GV.I. 

le.v.A. 


a3if35,3> 


144 

im 

1 

33 


19-? 
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32 
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la Qur »mp2e, ibe most prodotnlnsnt syroptoai i&>ths nie- 

■ laofy shortage tvith 2,245 cases of 2,817; thcrealter o^haJea 

■ tvjth 2,027, diaaiuesa with • 1,874, wellt instability with 
1,754, insomnia WStU 1,742 aifa depression wtfli 1,(367. 
Dizziness is tKe symptom vritk a greater pweeatsgi! of tJis- 
appeaiancES an the mida] value with 48.4%' of jnoxwaJiza- 
tion of the equilibrium. I 
Thereaftef ihe cephaleaB wiU> 46,5% of disafipBErBnCeB oa'd 
raT»gne\wa35.5%- 

3.3. P«mntage'of sy7n]|rton]ataloi^caldiaappeia:an««9 as a 
flUiction of tilDC 

Ocmsidadiis that tlie total disappcseiaace of siBiw and symp- 
toms in ihe evoIutioD or a disease ia tiie most objective para- 
metBi to evaitMte tli« tbe»9ip«al:ioal dSeet bf a drag, th^ p^r- 
centage of {fisappearaoces In each otiseivation -peAod of xhc 
patient, in the days 15, 30 and 60 ailer the tbexaDV with oral 
ciiiooJiae, has been studied. i 
He. 4 Shows for each siga and symptom the dHKreut perctai' 
tusw on tha total of ike BBin;>la (2,817 patientsj of the disap. 
peeiasces of xbe tymptoinxuib^ in each ootonol and its 
ptasisaaes etHa end of fi» trtatnaeDt after 60 days. 
Nunsbws shown in tlw fisuiw oorteapofld to Bift pwantas© 
of ualfents not showine tlus symptom at As b^mnne of the 
dvaluatiou. The iloited rpatie la the pttcesoks? of disappear- 
ances after 15 days, di& dashed spaoB is the pisiwniaso of 
disappcaiances after 30 days. tJie waved space after 60 and 
the white space the p««ettta$»5of petsisteneieft vrhiiib., »b we 
shall see later, may correspond to iinpFOYemeiits. 
The BTcateit (Mrcentages at the besiiuuDg of! tti« ttpttm^nt 
cDndste, of couRB, with tiboso shown in.3.2. Maaaty short- 
see, csphalea, dizzioess. walk iosiability. insomiifo and de- 
p^aasJoa, in !ius order, are the predominant syn^jtome. 
AH« IS day* of o)>gervati«n 

The highest peiccnia?«, on the total fsamplo of 2.817 pa- 



&i posRiaumsiic 
easa btiette. 
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C£phalea34%; 
inroinnio 33%; 

depression 31%; 

tnamoty shortage 30%; 

obcajJiing in ibcse sympioms the nomutlization after 60 
days. , 



9%, (»allc iastaWUiy wlib iA% sooal Bfs with 8.3% and 
memory shortage mth 8%. 

AlterWdays „ , ,• ^ 

The parcentage foUovt-s & very Bjmilar hnej cephaloa dwap. 

peared in another 1Z.7%>; rtiTrfam ia 12.i%i iasosBnia, 19 

9.5%, depxejsioa ia &.6%, walk iiuMbifa'ty in 8.3% and 

memoiy shortage in 8.1%. 

At the end of treatment „ , 

The foBovnng peMentegee were found as an addibtm of the 

previous onta: cephalea 15-2%: dizziness 1896; meiaoiy 

shortage 13.4%; insomnia 13.5%; dapressidn 12.8%, and 

walk iMiability 11.8%. 

Ai^jer the addition of all the Dcrcoaiases after SO deys. the 
atiet in importance is as foUowe: 



Hg. 5, 6. 7 aiid 3 show ihe diffixeat (Uswpcaiaiicc porccn- 
taeefi wiiidB each diascosis erovD. in the different controls of 
each sign or symptom- 

In chronic cerebrovascular insvifflcJency. the fltst sympion^ 
w 4iwpf^t ai^ (iisziiiuisB, cephalea^ insomnia, fatigue and 
speech irauble. 

In senile Involution: cephalea, diarinsss and speech troubles. 
In the sequelae of cerebral acddem, cephalea and dizziness 

nadc sequelas, tbc tocial life troaliies, deptessiob 
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Sfitch iwttblu 



i,3iZ 



2,2«S 
J, 667 
1.480 



All tb£ studied Miaasicii kkvs d 
((i<0j001)ofh»feiis. 



ticphnln 
Moon dee— 



lie a: Nutnbw and ceKta^ge or improniiieDts tn sltftu loa sy 



IQ chronic M , , , 

fatigue, depramion wd iiuoaiaitt diuppetaied in move thaa 
30%. 

liition, dwaness with 60% of diaappear- 
s and ccphalca with 58% axe tbe most remuKable 
jtoms. 

In the sequelae of acute vascular accident the grohalcas with 
38%, d^pnjssion wjtii 49% and insomnia With 48% of disajv- 
peaiances were the mo«l importtot. 
78% Of atigne, 76% of sodal lift troubles, 74% of dlKtaess. 
aie figures of a great aigdi>i»ace in the.tTeatoMiAt oS cerebral 
ifauiojtitisiiu sequelse. It is preGiacly in. tfab mdication whsm 
the most precocious and most impQitaot perccaiajies have 
been reached after 60 days- 

3.S.Nt»mlifitai , „ ^. . 

and »iEpti9 fttt)t« end of &e treatant 
In Table 7 the numbef aad p 



« vrbolly exprBBsed re- 
rf the sigos and sytnp- ' 



lated to impiDVcroenl or woxseaiaj; of tL 
loms Msstog from a highCT initfal value ia the evaluation 
rcate to a lower value At the end of die tr^atmsnt, i$ ehown, 
wmsidcring patienis in whom the sjroptonKtoIo^y had Doi 
disappeared {see Tatle 7), 

TtB highest percentags coarcspanda to lbs improVcmcBt 
observed in memoiy defldts with 44.7%, cephateas with 
26.7%, dizauMB with 25.2%, walk instability \«dth 24,4% 
snd dcpfeuicm wia 24.1%. ThosB values, includihg those 
obtaiiiKl for disapjjearances. are hiehly sisioHliicant (see F5g. 



3.6, Number and pi 
symptoms in connecQoB vi 
Tehlo 8 show the number and p«ceat»BV of irepiovcd 
symptoms at the ena rftteatment In fuocjion of the eUoJogi- 

esi diagnasis. 

The percentages correspond lo all the symptoms present in 
the four diseases, to evaluate thedr improvetnenc by eiioloBy 
(899 Table 8). 



true^ftr ce^haleas C48.'»%), ferl^e^^47.4%), wall! iustabitity 



highest pe 

il.slcil}.(4.l. 



.0%),.dcpre5siaa.{47-4%> 



We do nor find high intpinvcmeBis in the )eqiiela« of cranial 
ttmjroatisM b6 it was t* be expected, sinop ia this iodtcatiDo, 
the highest attmber of healing was observed. 
EvQlutioD of complemeauiy tests 

EEQ; No Statistical diSermces have been observed between 
the elaotraencephftlograTOs psrformed at the bcginnhie tsoA 
at the end of the ireatmeni. 

In the treated cafes of sequelae of cranial txiumatjeins, evi- 
dent improvements have been obsorved in the elocttoonee- 
phalograms, 
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Analytic 

creatinine, uansajninases have not shown slgnlflcani changes. 



3.7. SftSety 

la gcneiaJ, the saEsty of or»l citicoKjje was esweUeflt, without 
any diarontinwatiou of tr«itmcnt dne to aide-offiscsta, 
151 ade-egfects have been obBetved, ajiiesixmcliivffto diges- 
tir« symptoms (nauseft, gastwlgia, diBcriiea)ia 102 <set«t aiad 
vascttlaf sympmms in 16 cases. 



DjgesUve 102; 
vascular 16; 
Oilier 33. 

Thft vascular affect? corrWpoad to tha ieported cases oChjf- 
pottasion and oordceie diychm troubles (bradycaidia. or la.— 

In 94.99% ofpntimts, no oido-efifccts vrere obserrcd. 

A'Qfhor't addrsBs: Dl. S. LozelM ParnJiute:), Csatro <1d Invcatien' 
ra&i {i'snsBcfuiiciit lExcicr iDTeraacioaal 3.A., Svsa «]6 Sada 32, 
33iseioDa2I (EspaSa] 



la Wchen nediSralK tbiiSEtObiA dttRKjiaj AiQiiicliimiscluv Wb jjigAs o*r ciii«iamu»ai Vejvi 



ioditbtaj 4»<cli dfli Vaiu sih) d» Verlasjneii fill 
I in EtepridiauBg Vlrf /VlJSobt (tniii DattSbanto 

ScStet OS SjBlKils* nia mwtMwxH nicht, dfi air Nanw 




D. Ferrer Intemacional, S.A. (International Publication No. WO 01/72288) - entered 
June 27, 2005 



47 



<12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
Internationa] Bureau 



liliilillllllillllliiililiiilliilllilllllii 



(43) International Publication Date 
4 October 2001 (04.10.2001) 



(10) International Publication Number 

WO 01/72288 A2 



(51) International Patent Qassification^: A61K 31/00 

(21) International Application Number: PCT/EPOl/03536 

(74) Agents: KINZEBACH, Werner et ah; RejtstStter.Kinze- 

(22) International Filing Date: 28 March 2001 (28.03.2001) bach & Partner, Stemwartstr. 4, 81679 Miinchen (DE). 



(25) Filing Language: 

(26) Publication Language: 



P2000 00765 29 March 2000 (29.03.2000) ES 

(71) Applicant (for all designated States except US): FERRER 
INTERNACIONAL, S.A. [ES/ES); Gran Via Carlos HI, 
94, E-08028 Barcelona (ES). 

: (72) Inventors; and 

I (75) Inventors/Applicants (for US only)-. FOGUET, Rafael 

; [ES/ES]; Llujanes, 8, E-08028 Barcelona (BS). RAMEN- 

I TOL, Jorge [ES/ES]; Lleo XIH 2, E-08022 Barcelona 

\ (BS). LOZANO, Rafael [ES/ES]; Berlran 45, E-08023 

I Barcelona (ES). AGUT, Julian [ES/ES]; Riera BE, 

I E-08190 Sant Cugat (ES). TORRES, Jesiis [ES/ES]; 

: Psig. ForastS 4bis, EflgOl? Barcelona (ES). RAGA, 

■ Manuel M. [ESflES]; Sors 17-21, E-08024 Barcelona 

! (ES). CASTELL6, Josep M. [ES/BS]; Av. Princep 



(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, ON, CR, CU, CZ, 
DB, DK. DM, DZ, EE, ES. H. OB, GD, GE, OH. GM. HR, 
HU, ID, n., IN, IS, IP, KE, KG, KP, KR, KZ, LC, LK, LR, 
LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, 
NO, NZ, PL, PT, RO, RO, SD, SE, SG, SI, SK, SL, T3. TM, 
TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA, ZW. 



(84) 



States (regional): ARIPO patent (GH, GM, 
KE, LS, MW. MZ. SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG. KZ. MD. RU, TJ, TM), European 
patent (AT, BH. CH. CY, DE, DK, ES, H, FR, GB, GR, IE, 
IT, LU, MC, NL, Fr, SE, TR), OAPI patent <BF, BJ, CF, 
CG, a, CM, OA, GN, GW. ML, MR, NE, SN, TD, TO). 



For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations " appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



P (54) Title: USE OF CDP-CHOLINE FOR THE TREATMENT OF ALCOHOL WITHDRAWAL SYNDROME 

(57) Abstract: The invention relates to the use of CDP-Choline or its pharmaceutically acceptable salts for the preparation of a 
^ medicinal product for the treatment of alcohol withdrawal syndrome at daily doses equivalent to 0.5-2g of free CDP-Choline. 



wo 01/72288 PCT/EP()l/03536 
1 

USE OF CDP-CHOLINB FOR THE TREATMENT OF ALCOHOI. WITHDRAWAL 
SYMDROMB 

DESCRIPTION 

The present invention relates to the use of CDP- choline for 
the treatment of alcohol withdrawal syndrome. 

The toxic effects of alcohol on central nervous system are 
basically exerted on neuronal membrane and synapses 
(Leonard B. E., Alcohol Alcohol,, 1986: 21(4), 325-338). 
Histological alterations of neuronal structure consisst in a 
lesser branching of hippocampus nerve cells and Purkinje's 
cells. Comparison of brains from healthy subjects with 
those from alcoholic patients revealed a lesser branching 
of pyramidal neuronal basal dendrites in upper cerebral 
cortex and motor cortex (Ledig M. and Mandel P., M S- 
Medecine Sciences, 1988: 4(6), 352-357). 

Chronic alcohol abuse has also been reported to impair 
dopamine receptor sensitivity. This effect is probably 
related to changes in neuronal membrane fluidity and in the 
number and functionality of receptors, as well as to a 
decrease in acetylchol 

(Carlen P. L. and col., Ann. Neurol., 1981: 9(1), 84-85). 
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CDP-choline (cytidine diphosphate choline, Citicoline) is a 
key intermediate in the synthesis of structural 
phospholipids present in the neuronal membrane (Kennedy E. 
P. and Weiss S. B. , J. Biol. Chem. , 1956; 222, 193-214) and 
plays an important role in its formation and repair when 
the phospholipidic structure is damaged by endogenous or 
exogenous causes involving a decrease in cytidine and 
choline uptake. 

The administration of CDP-choline enhances dopamine 
synthesis and release (Martinet M. et al . , Biochem. 
Pharmacol., 1981: 30(5), 539-541) as well as choline and 
acetylcholine brain levels. The administration of repeated 
doses of CDP-choline produces an increase of brain 
phospholipid levels, which is secondary to an increase of 
cytidine and choline plasma levels (Agut J. et al . , Ann. 
New York Acad. Sci . , 1993: 695, 318-320). 

Surprisingly, the applicants have found out that the 
administration of CDP-choline to alcoholic patients reduces 
the duration and intensity of their withdrawal symtoms and 
induces an evident recovery in a significant proportion of 
patients. 

The use of CDP-choline according to the present invention, 
which includes a method for treating alcohol withdrawal 
syndrome, comprises the administration of an effective 
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amount of CDP-choline or a pharmaceutically acceptable salt 
thereof to an alcoholic patient. 

According to the present invention, CDP-choline is 
administered as free compound or as a pharmaceutically 
acceptable salt, whether in anhydrous or hydrated form, 
conveniently mixed with pharmaceutical carriers and/or 
excipients, to humans at daily doses of 0.5 to 2 g 
inclusive in free CDP-choline, preferably from 0.5 to 1 g 
inclusive, both orally and parentally. Pharinaceutically 
acceptable salts of CDP-choline include its alkaline or 
alkaline earth salts, such as its sodium, potassium, 
calcium and magnesium salts or its acid addition salts with 
a mineral or organic acid, such as hydrochloric acid, 
hydrobromic acid, sulphuric acid, phosphoric acid, acetic 
acid, trifluoroacetic acid, citric acid, lactic acid, 
malonic acid, tartaric acid, acrylic acid, raetacrylic acid, 
malic acid, maleic acid, fumaric acid, benzoic acid, 
salicylic acid, cinnamic acid, methane sulphonic acid, 
benzenesulphonic acid, p-toluensulphonic acid and nicotinic 
acid. 

CDP-choline and its salts, whether as anhydrous or hydrated 
substances, under the invention may be administered orally 
in the form of tablets, capsules, powder, granules, 
cachets, lozenges, solution, suspension, emulsion, syrup, 
gel and the like; or parenterally in the form of solution. 
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suspension, emulsion or the like for intravenous or 
intramuscular injection. 



EXAMPLES 

The present invention is illustrated by the Examples that 
follow. Those skilled in the art will be able to make any 
change provided the specific embodiment of the invention is 
not modified and, therefore, the invention is not limited 
to the specific details of the Examples. 



EXAMPLE 1: 500 mg tablets 

CDP- choline, sodium salt 522.5 mg 

Talc 30.0 mg 

Magnesium stearate 3 . 0 mg 

Silicon dioxide 2.5 mg 

Croscarmellose sodium 20.0 mg 

Corn starch 20.0 mg 
Microcrystalline cellulose s.g. 780.0 mg 



EXAMPLE: 25% oral solution 



CDP-choline, sodium salt 
70% Sorbitol 

Methyl p-hydroxybenzoate 



26.12 g 
20.00 g 
0.16 g 
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Propyl p-hydroxybenzoate 0 . 04 g 

Disodium citrate 0.60 g 

Saccharin sodium 0 . 02 g 

Strawberry essence 0.04 g 

Red Punzo 4R 0.50 mg 

Anhydrous citric acid 0.05 g 

Purified water s.q. 100.00 ml 



EXAMPLE 3: Solution for injection 



CDP-choline, sodium salt 522.50 mg 

Hydrochloric acid, pH 6.0-6.5 s.q. 

Water for injection s.q. 4.00 ml 



EXAMPLE 4 : Open clinical study of CDP-choline in alcohol 
withdrawal syndrome 



The progress of alcohol withdrawal syndrome was assessed in 
an open study conducted in 197 patients. CDP-choline was 
administered at doses of 500 mg/d i.m. or 600 mg/d p.o. for 
60 days. At 30 and 60 days following treatment, 
significant differences {p<0.001) were observed in the 
assessments performed. At 60 days, 55.83% of patients had 
given up drinking alcohol and 31,97% of patients drank much 
less. A significant improvement was observed on anxiety, 
tremor, disorientation, insomnia, dysarthria, tendency to 
suicide and neuritic pains. 
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EXAMPLE 5: Open, randomized, 

CDP-choline in alcohol 
clomethiazole and vitamin B. 



comparative clinical study of 
withdrawal syndrome versus 



An open, randomized and comparative study on the 
conventional therapy of alcohol withdrawal syndrome was 
conducted in 40 patients. Patients were randomly 
distributed in two groups of 20. One of the groups was used 
as control and received clomethiazole and vitamin B^, Eg and 
Bi2- This treatment regimen was maintained for 8 days, and 
then patients were given diazepam until, completion of 
treatment (60 days) . The other group of patients received 
the same treatment regimen plus CDP-choline 5 00 mg i.m. 
every 12 h for the first 3 0 days and CDP-choline 200 mg 
i.m. every 8 h for the remaining 30 days. The patients who 
received CDP-choline plus the conventional therapy showed 
significant differences versus control at 30 days following 
treatment in tremor incidence (p<0.05), cramps (p<:0.05), 
asthenia (p<0.05), emotional lability (p<0.01), nervousness 
(p<0.05) and social withdrawal (p<0.05). 
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CLAIMS 

1. The use of CDP-choline or of a pharmaceutical!: 
acceptable salt thereof for the preparation of a medicamen- 
for the treatment of alcohol withdrawal syndrome. 

2. The use according to claim 1 in which thi 
pharmaceutical ly acceptable salts of CDP-choline are it: 
alkaline or alkaline earth salts or its salts with mineral 
or organic acids such as hydrochlroic acid, hydrobromi. 
acid, sulphuric acid, phosphoric acid, acetic acid 
trif luoroacetic acid, citric acid, lactic acid, malonii 
acid, tartaric acid, acrylic acid, metacrylic acid, malii 
acid, maleic acid, fumaric acid, benzoic acid, salicylii 
acid, cinnamic acid, methane sulphonic acid 
benzenesulphonic acid, p-toluensulphonic acid and nicotini< 
acid, in anhydrous or hydrated form. 

3. The use according to claims 1 or 2 at daily dose! 
in equivalent amounts of free CDP-choline ranging from 0.! 
to 2 g. 

4. The use according to claim 3, wherein the dosei 
range from 0,5 to 1 g. 

5. A method for the treatment of alcohol withdrawa! 
syndrome comprising administering to an alcoholic patieni 
in need thereof an effective amount of CDP-choline or of . 
pharmaceutically acceptable salt thereof. 
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nancy lead to fetal ttu\u7 and deafch;:.contmi 
ued;.. treatment, with^ anticonvulsants .is 
generally advisable . (see >Ch. 249). ;• 

SurgicaJ therapy:,About 10 to 20% Of pa^. 
tients^;fiaye. seizures that are refractory: to 
medfcdl ■treatmerifc'MGSt patientswhose sei- 
zures origin^te'.ftora a local afea.of abnormal 
brain functipmimprove markedli^ when the 
epileptic focus:fe resected. Some are. coni^ 
pletely cured. iBecause extensive monitoring 
and skiUed mediieal4s[urgiqal-teaniwork:are 
required, these Jiatienlsare.bestntanagedin 
spectallzed.cisnters^ -,::ir:^:^y: " 
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Vagus inerve. stfamdation: Ihtenmttent 
eIectFicaI=-'sfimiiIation of the left vagus nerve 
with an implanted pacemaicer-like device 
reduces the number of partial seizures by 
one third. After theVdevi.ce. is •programmed 
patients can activate i't witli a hiagnet when 
they - sense , a seizure i^ iirtoinent; -Vagu^ 
nerve . stimulation is used as -tlii' adjiiirct to 
an anticonvulsant: Adverse effects ihcliide a 
deepfening of -the. voice dtzfing, stimulation 
. cough, ;and-.hoarsenes§. Complications are 
miniirial: Buration of effeetivenesis' is-hot 
welligstablisheid. . / f : : • 



173 / SLEEP DISORDERS 

. . . (Spe ajo Sleep Problems, and J^octiimai,, Enuresis imder Behav- 
"ORAL I^QB^^yK.in,Ch. 262.)' . V., "... .. 




Although, sleep is-necessaiy' for survival; 
Its precise Homecfetatic Gontribution is uh- 
kriOvm.'IndiVldit^regtdreitieh'^^^ 
rangihg^lrom 4 toWHev&tymUm&m^ 
persons.' Several factors/ includinl cuitent 
emotional state and agej influiBnGe the dura- 
tion and/satisfaction of sleep. 

The two types of ' sleep, ■ nonrapid eye 
miovement (NREM) and rapid eye movement 
CREM) sleep; are marked by characteristic 
EEG and other chajfiges, including eye move- 
ments. NREM sleep (75 to 80% of total sleep 



tmie) noiroMly^^initiates slebp; -i^^^ 
ized by-'SlOw waves '^^^ 
EEG, aridraiigfes inMeptii froiti st^ge 1 to 4 
(tiie deepest- 5e\^el)-with:cGmm'ens^ 
fieiilty in arousal. Musele^fone. BiP.^d heart 
and respiratoiy rates - aire" rediiced REM 
sleep produces tew-vortage fast activity on 
an EEG.iRate and depth- of respiratiOn fluc- 
tuate, and muscle txme is further reduced; 
During a' normal night^s skep, REM- sleep 
follows each of 4 fo 6 cycles of NREM sleep 
(see Fi<3. 173-1). MbsedreainTing occurs dur- 




sleS o^clS r^ . ?' at; .tHe end Of each 
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ing REM jSleep; :in.6st iiight terrors, sleep- 
walkingi and tjaidng. occur during stages 3 
and 4 NREMsleGp; : 

iN^pMiaiA- 

• l^iffwutty ift, falling asleep or in- staying 
ftsi^ep. qr.disjurbed sleep patterns, result- 
ing in insy0ci(n^i sleep, i ... . 

With advan,cing age, total sleep time tends 
to, decrease. Stage 4 may disappegr;: :Sleep 
becomes more interrupted. These changes, 
although normal, may be. distressing i and 
lead to a request for treatment, but there is 
no evidence that they interfere with health. 

Insomnia is a common symptom; about 
10% of the population have chronic insom- 
nia, and about 50 % have sigmScaht insoi^ 
at some time. It mSty be primary (ie; lorig- 
staiiding, with little or no apparent relationr 
ship to. irnmediate somatic , or. psychic . 
events) or secondary to eriiiotional problem^/ . 
pain, physical disorders,, or use or with- 
drawal 'of drugs. Excess- alcohol tohsuMed" •• 
in the evening can shorten sleep and lead to 
withdrawal effects in the early morning, so 
that the patient,is restless on awakening or, 
ifseverely dependentj fearful an.<l treraulpus. 

Initial i.insomnia (difftcuity iii falji^ig 
asleep),, is commpniy asspciated^with . ah 
emotional disturbance (eg; anxiety, a phobic 
state, depression), , pain, .respiratory/ prob- 
lem;?, stimulant drugs, withdrawal , of seda- 
tive drugs, poor sleep hygiene (eg, a variable 
sleep schedule), and sleep disorders (eg; 
restless legs syndrome, sleep apnea, delayed 
sle^p phase syndrome). Delayed sleep phase 
syndrome is a. circadian. rhythm disturbance 
in which the patient has delayed sleep and 
waking times and cannot advance his sleep 
schedule (ie, cannot move to an earlier bed- 
time with an earlier awakening time). 
; In early morning awakening, thelpatient 
faJls asleep normally but a^yakeris e^I;^ and 
canriotfail aslfeep -again or dfifte into a rest- 
less, unsatisfying sleep. ;This' .pattern is a 
common phenomenon df .!aging but is some- 
times aSsC)clated wifhideipression. VTenden- 
cies to^^anxiety, self-rg^rOach, and seif-i)imi- 
tive thirilong, often magnified in the morning, 
may contribute. 

SIpep rhythfn reversals usually reflect a 
circadiati rhyt|un disorder (eg, jet lag—see 
ph. 283).0r damage to the hypothalamic rer 
gion of the diencephalon- (eg, after severe., 
head ii\juiy or encephalitis). Misusing seda- 



tives or, -working irregular night-^shift hours 
Gan:sometimes induce such reversals, as can 
obstructive sleep, apnea,. Patients .with^;ob^ 
stnictive sleep apnea become drowsy in the 
niorning,: sleep or doze much: of the dky , and 
have fitful, interrupted sleep, at nighfeillf the 
dose of a sedative is increased because ofan 
incorrect diagnosis, resflessness . and 
dering: in a..clo:uded ..or confusedCstate may 
occujratjught, . 

Reboimd- wakefulness- corirtmonly og-^ 
curs'jwhen hypnotics are .withdrawii fromya 
patient who regularly takeis heavy, f doses; 
Most patients wrongly interpret this effect as 
recurrence of chronic insomnia. 

Diagnosis 

.. V The cause (there may be several) should 
be determined by evaluating the patient's 
sleep, pattern, . use of drugs (including alco- 
hol,, caffeine, .and nicotine), degree of psy- 
chologic stress, .and level of physical activity, 
When insomnia is ^ isolated symptom, the 
pnly lik% physical cause is a primary sleep 
apnea syndrome (see below). However, in- 
somnia may reflect a normal need for little 
sleep. An irregvdar schedule (eg, firom §hift 
workj during travel, or- on: weekends) in an 
athei^rise .normal peison- emlead ^^^^^^ 
nia.; :DifiBculty faliing.asieep.is usually; diiefto 
anxiety. Early morning awakening or insom- 
nia :Vini:esponsive. to. simple corrective, mea- 
sures is often due to a significant, emotional 
disturbance (especially depression) or a 
physical disorder (eg, pain or a respiratory 
disturbance during, sleep). For . persistent 
unexplaiiied insomnia, evaluation hn.?t sleep 
laboratory may help. ; 

Treatment 

Treatment depends on the underlymg 
cause. Many patienis respond to reassurahce' 
that their sleeplessness is a result of norW^d 
; anxieties or is secdndary to a treatable phj's-: 
y ical disorder. :.Discussing anjdetieslvirttai the 
patient oftgn.eases distress and.ttelps rees^ 
tablish norrrial sleep patterns. Siiii^fent^a-^ 
sures; can often help relieve inspr^ii (s^^e' 
Table 173-1). Elderly patients e:^Meipldng 
liiormal changes in sleep patterns should be 
reassured, instructed in relaxation, and.en- 
cpuraged to exercise, more durmg the day 
arid to ayoid;daytime.naps! Wajnn milk helps 
soirie patients slieep.. i , 

For insomnia due; to emptipnal distur- 
bance other than depression and for refrac- 
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tory cases, a hypnotic- drug may be tgmpb- 
radly^,required; especially;. if sleeplessness, 
impairs the patientls' effldency aiid sens^^^ 
weU-being. The patient should be urged to 
use hypnotics only short term (2 to 4.wk;). or. 
episodically (no more ttian a few times a^ 
.week), because tolerance .and.addiction.can 
result. "Depressed paWeriW '^y&d'joe^-^m" 
limited amounts to reduce the iisk i^f at- 
tempting suicide vwth the hyph6tic.'Patie;iit£i 
Who awaken because of pain should r'fe'^igive ' 
analgesics at be'dtime as the maihsiay bt ' 
treatment. For insomnia accompahyifig de-' 
pression, a sedating tricyclic antidepressaiit'' 
taken about 1 h before bedtime is usually 
best (see. ph. 189). . , ; , • , 

Hypnotics: Terms sucK-as hypnptic, .sed- 
ative,: antianxiety ,dmii..minor tranquiiizerr 
and anxiolytic are ofen., used int^rchange- 
-ably. The best term for drugs used primarily 
to induce sleep is.;hj^notic. All hyphotibs 
pose some risk of overdose, habituation, tol- 
erance, addiction, and wthdtawal. For those 
with the greatest' fetfectiv^iiess ai\d safety 
see Table 173-2.. - ■ ' 
Adverse effects include drowsiness, leth- 
argy, hajagover; and amnesia, especially after 
excessive intake of ceiiaih hypr^otics^.' After'"' 
using such drugs, ambulatory patients 
should avoid activities requiring mental 
alertness,: judgment; and:physical cobrdinaT - 
tion (eg, driving avehicle, .operatingmachih^^' 
eiy) for several hours (generally about 8 to 
12 h, but sometimes longer). Hypnotics 
should be used with, caution in patients with 
puhnonary insufficiency. Rarely, skin erup- 
tions (eg, urticaria, angioneurotic edema, 
bidldus erythem*ihultiforme) and Gl distur- 
bances (eg,- nausea, vomiting) occur. In the 
elderly, any hypnotic,, even in smaUi doses, 
can cause restlessness, excitement, or ex^ 
acerbations of delirium and dementia. 

Many patients take higher doses of hyp- 
notics than they admit; .slurring of siE)^.G-ch, .. ,. 
incoordination,, tremulp.usness, and nystagV' ' 
mus should arouse suspicion of overdosage! 
If necessary, senjmleyels of many drugs can 
be measured, ■■ •i .-. . - . . .. 

Hypnotics are additive in effect with other 
CNS depressants- (egj...aIcohol, antianxiety 
drugs, opioids, antihistamines, antipsychot- 
ics, antidepressants). Doses shoiild be re- 
duced when these drugs are liised doiicur- 
rently. Sudden withdrawal- after prolonged 
use may precipitate severe^ trei^nors or sei- 
zures. Barbiturates, chloral hydrate, chloral 
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.-sleep 



.-. -:bedtime 
......tTqutine 

,,Sleep-con- 

. duciye 
' '•■eiiviron- 



Regular 



Avoidance 
ofstimu- 
lants and 
diuretics 



■ . • . Bedtime . and;, wake^up ., tirne 
^should be the saine , each day, 
including weekends-' 
A pattern of activities— brush- 
ing teeth, washing,, setting the 
alarm clock— can set the rnood 
for.sleep. 

The bedrooni should be dark, 
quiet, and reasonably cool; it 
should be used brily f6r*sleep 
and sexual activity; not for eat- 
ing, reading, watching televi- 
sion, "or paying bills. Heavy 
curtains or a sleep mask can 
elunihate light, arid' e^lugs, 
fans, or special white-noise 
devices . can help el&ninate 
disturbing noise. 
PilJoWs between the knees or 
under the waist can make a 
person more comfortable;' For 
persons with back problems, 
lying supine with a large pillow 
under the knees can help! . . 

Exercise proWidtes' slieep -ahd ■ 
reduces stress, biif . 'if "■• per- 
formed in the late evening, it 
can stimulate th^, cardiovascu- 
lar and .neri^o#^sy§t;(Mns"juid 
interfere with fidlihg asleep. 
Stress, and worry interfere with 
sleep, Reading or taking a 
warm bath before b.edtune can 
help a person relax^ " Tech- 
niques such as visual imageiy., 
progressive musqle relaxation, 
and breathing exercises can be 
used. 

Drinking alcoholic or caffein- 
ated beverages, smoking, 
eating caffeiriated foods (eg, 
chocolate), taking "appetite 
suppressants, arid taJorig jire- 
scription diuretics— espSaally 
near bedtime-Hshould" be 
avoided. 



betaine, and glutethimide can interact with 
Gbumarin anticoagulants. For other poten- 
tial prpbleras of hypnotic, drug use, see Ch. 
190 and ;A^M6LY7^c .AND hhTNbfic Drug. De- 
pendence ih Ch. 195. . ... -iy • ; - 

Many benzodiazepine derivatives have a 
marked h3T»notic effect. They have minimal 
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TABLE 173-2. HYPNOTICS IN COM MON USE 
Half-life (h) Advantages and Disadvantages 



Dose* (mg) 



Benzodiazepines 
Midazolam 

Triazolam 

Oxazepam 

. Temaiepam 

. Lorazepam. 
Estazoiaih 
Nitraiepam^ 

Diazepam* 

Qiiazepam 

. Plurazepam* 

Clorazepate* 

Imidaz'opyridine 

Zolpidem 

Antidepressants'^ 
Amitriptyline 



Doxepin 

Others ' 
Chloral hydrate 

Meprobamate 

Nonprescription 
hypnotics 

Diphenhydra- 
mine^, pyril- .. 
amine, etc 



1.5- 
■ 1.5- 



4-10 
6^17 



Doses > 15 mg may lead to rebound 7.5^15 
insomnia ". 

Useful for initial insdnuiia; high doses 0.125-0.26 
induce anterograde amnesia' 

Slowly absorbed; useful for sleep-mainte- 10-30 
nance insomnia 

Useful for initial insomnia; few residual 10-20 

effects vvith 10 mg 

IntermediateJength sedation 2-4 

Few residual effects in dose range 0.5-2 

Useful for frequent awakenings when 2.5-10 

some daytime sedation is acceptable 

Accumulates because of slow elimination 2.5-10 

of drug and its active metabolite 

Prolonged use not recommeinded; may be 7.5-15 

useful for early morning awakening 

Useful for frequent awaJcenings when 15-30 

some daytime sedation is acceptable 

Useful for insomnia with anxiety 7.5-22.5 



Few residual effects with doses up to 30 5-10 
mg 



PuU doses at bedtime may ameliorate 50-100 

insomnia in patients: with depression 

and early morning awakening; strong 

anticholinergic properties 

Sedating; strong anUcholinergic properties 50-100 

Intermediate-length sedation; may have GI 500-1000 

and residual effects 

Mild sedation; useful in elderly; may have 800 . 

residual effects 



Mild sedation with most, but sedative 
. effect lost after 3 -4 days of use; strong 
anticholinergic properties (dry mouth, 
blurred vision, urinary retention, consti- 
pation), which are particularly problem- 
atic in the elderly and in patients with 
glaucoma, benign prostatic hyperplasia, 
or dementia 



*For elderly.patlents, initial doses at 1/2 the minimal dose often suffice 
Drug should be avoided in the elderly because of age-related long half-life. 

^Antidepressants should not be used unless depression is present 
Drag should, be avoided in the elderly because of strong anticholinergic properties 
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smpidai. nsk when used aJone and. do not 
cause REM. cycles to. increase after discon- 
tanuatjon;-. high... doses -can . decrease . jsJow- 
Ayave. sleep, and , alter REM. sleepj and ine- 
diumrsized dosesi-ean,. induce retrograde 
amnesia. Shortracting benzodiazepines. fee- 
triazolam), aie, useful for initial msomnia' 
jntermediate.acting ones. .(egi .. estazolara' 
teirnazepani), for sleep-raaintenance insom- 
nia. Long-acting ones Cfiuraaepam; quajie- 
pani) may be useful for early morriing aWak- 
pnmg but aire inore.iIijcely:to impair>dayti 
function, especiallyrintKe elderly 

Benzodiazepines have less addictive po- 
tential than other hypnotics. Doses that in- 
duce serious respiratory and vftal c^iitfef 
depression ajce/considerably. larger for ben- 
zGdiazepines than for barbiturates and most 
other hypnotics. A few patients report an:in- 
crgase. m daytime anxiety affcer:.repeated- use 
oip.withdrawal.. , . - . ^ 

Chloral' hydrate, is a relatiyely^weaJc-but 
safe hypnotic. The usual oral dose is 0.5 to.: 1 
g; '.If . necessary, ail additional .0.5 g mav be 
given .after l .h. Ghloral hydrate, is available 
in.capsules and in,solutions.(with.a,punaent 
unpleasant faste).It^an cause tolerLee and' 
addiction and induce hepatic drag-metabo- 
lizing enzymes. . . 

Barbiturates are- not recommended as 
hypnotics. They predispose to tolerance, ha- 
bituation, and drug dependence ^nd hkVfe a 
highensiiieide riskthan other-hypnotics fsee 

?n o'^V'^K HYPNOnC-PRUC .DEPENbENCE in 

on 195); They strongly induce :hepatic drug- 
metabolizing: enzymes. Attempts to, discon^ 
tmue barbiturates may .lead to withdrawal 
symptoms, intensifying dependence on the 
drug. .Substituting a benzodiazepine should 
be- attempted;; .^yi.th gradual- wean ine from 
barbjturates.. . , 

:■. Gluteth:iniide..dnd. methypry.lon have - a 
fairly-aong duration ".of action and can pro- 
duce tolerance: and addiction; They. are sel- 
doni^used! and, not reconimended;. ©t^errfos- 
agewzth glutethimide_ismrUcularly Likely, 
because the: toxic doseAsM much larger 
than the hypnotic dose? ■ . .. 
^ Antihistamines are ; commonly: used .as 
hypnotics^and^are :the active ingredient in 
aJmostall OTC.hypnotics.flowevIn they are 
strongly anticholifieFgie, causing constipa^ 
tion, unnai^ . retention, dry -mouth, ortho- 
static :hypotension, blurred vision, and con-- 
fusion, eispecially. in. the .elderly; ;.. . 
Sedating antidepressan]la-<eg;, soinfe.-;-tri^ 
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fy^J!fs):^hbuidrtdtbei.se^ m^mcsxau 

less depi-essieii is present- ' 
■ . j Mdli£oni«r:^f hbiimbrte, -whifch 
gosely linked to the ^iifcacli^sj^iem/is W 
maUy re feased;by the: pineai'gland at riight^ 
Daily treatment df blind per^ohs With nilia- 
tonin can entrain free running rhythrns if the 
supra^hiasmatic nucleus in , the hypothala- 
T^^^ ^^"^^ melatonin can 'reset 

LiSte • • tested as.treatment for • 

initiaI.insQmniaandjet.lag.H^wever;,itis.not 
recommended- by most sleep^rexperts : be. 
cause .moraingv exposure -to-fbright light?is 
more eff|ctive:..thansmelatonin..at resetting 
rhythms for healthy persons; availabieprep^ 
arations of melatonin, are unregulated so 
content and purity cannot be assured;: -W 
the effects: of long-term exposure . to exoge- 
nous melatonin are unknown.- '.: .. 

HYPfeRSOMNI^ 

A patKoiogic iri^ea 
hours by .^ M%i '.' 

Chronic, .hypersbrnnia can result- from 
space^occupyihg lesions affecting, the hy- 
pothalamus o^: upper brain stem, increased 
mtraei^ial ■ press.ure, excessive ^ usei or 
abuse.- oL hypnotie.. drags: or .some . ilJieit • 
drugs,-..or 'Gertain foims -of- encephaUtis- -It 
can occur as , a symptom of depression- 
Acute, relatively brief hypersomnia com- 
monly accompanies acute systemic dis- 
eases, such as. influenza. In addition;. hypcP 
thj^ojdisin. hyperg^cemia, hypoglycemia, 
anemia uremia, hypercapnia, hypereal- 
cemia^-Jiyer faUure, epilepsy, and: multiple 
sclerosis . can cause =hypersomnia. Patiehts 
with-, a sleep, apnea syndrome (see below) 
often; . have compensatory, daytime hyper^ 
somnia. A thorough histoiy- arid exaniina- 
tien and,, when indicated, brain imaging :or 
screening .of. blood and .urine.ean identi«y.: 
most, of these disorders: The .Rleine^Levin 
syndrome, an extremely rare, condition in 
adolescent boys, produces episodic hyper- 
somnia and hyperphagia - ■ ... - 



NARCOLEPSY 



: About: 10.% of.narcoleptics.;hav^'the.-fufl 
tetrad of symptoms. Thfe.«ause:is.unknowft; 
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although all tested patients have belonged to 
specific HliA haplotypes, ^suggesting, a ge- 
netic cause. Narcbiepsy is equally, common 
in both sex^; some, patients havfe :a family 
history of the. disorder. No pathologic 
changes are seen in the brain. Longevity is 
unaffectied.. 

Symptoms and Signs 

Symptoms usually bejgin in adolescents or 
young adults without prior illness and persist 
throughout life. All symptoms and signs-are 
intensifications of normal phenomena. How- 
ever, the symptoms may put the patient in 
danger, often interfere with work and social 
relationships, and can drastically reduce 
quality of life. 

• ■ Sleep occui-s anytime. Sleep episodes vary 
from few to many in a single day, and each 
episode may last minutes or hours. The 
patient can resist the desire to sleep only 
temporaiily but can be roused from narco- 
leptic sleep as readily as from nornial sleep. 
Sleep tends to occur during monotonous 
conditions conducive to normal sleep but 
may also occur duiing hazardous circum- 
stances (eg, while driving). The patient may 
feel refreshed on awakening yet fall, asleep 
again in a few minutes. Total daily sleep time 
usually does not increase. despite the fre- 
quent sleep episodes. Onset of REM sleep is 
almost instantaneous. This pattern differs 
from normal sleep, in which NREM sleep 
usually lasts about 60 to 90 min, preceding 
REM sleep. Nighttirne sleep may be unsa:tis- 
fying and intermpted by vivid, frightening 
dreams. 

Cataplexy is momentary paralysis with- 
out loss of consciousness evoked by sudden 
emotional reactions, such as mirth, anger, 
fear, or joy, or, often, by surprise. Weakness 
may be confined to the limbs (eg, the patient 
may drop the rod when a fish strikes) or may 
caiise a limp fall when the patieht laughs 
heartily or is suddenly angry. Thes6 attacks 
resemble the loss of muscle tone that occurs 
during REM sleep or, to a lesser degree, in a 
person who is "weak with laughter." 

In sleep paralysis, the patient tries to 
move when just falling asleep orimrnediately 
on awakening and finds that for a moment 
he cannot. These- bccasioriai ejpisodes may 
be very frightening. They resemble the motor 
inhibition that accompaiiies REM sleep and 
are common in normal children and in some 
otherwise normal adults. 



Hypnagogic phenomena are particularly 
vivid auditory or -visual illusions or halluoii 
nations that may occur at the onset of slee^ 
-or, less often; on awakening; They are diffii 
cult to-distinguish from intense reverie arid 
are somewhat similar to vivid dreams, whicli 
are normal in REM sleep. Hypnagogic phe^ 
nomena occur commonly in young children 
and occasionally in adults who do not have 
narcolepsy or other sleep disorders. :'; •. 

The only- specific laboratory abnorrtialitjt 
is Idw-voltage fast activity (typical of JREM 
sleep) during an episode. ' 

Diaghbsis' 

A history of typiczd episodes is character^ 
istic, and other symptoms of the clinical tet- 
rad should be sought. With the history, a mul- 
tiple sleep latency test can usually confirm 
the diagnosis. A few patients have sleep ep- 
isodes only and lack the typical early onset 
of REM sleep; . 

Specific causes of hypersomnia must be 
mled out. Sleep deprivation and depression 
are differentiated by evaluating the psychi^ 
atric history, circumstarices of sleep, and 
duration of symptoms and by noting lack of 
cataplexy. 

Treatment 

Many otherwise normal persons have oc-^ 
casional episodes of sleep paralysis or hyp- 
nagogic phenomena, are:r>ot bothered, do 
not seek medical assistance, and need no 
treatment For other persons, modafintl or 
stimulant drugs may help prevent sleepiness: 
Modafinil is given as a single morning dose 
of 200 or 400 mg po. Dosage of stimulants is 
based on individual need. Methylphenidate 
20 to 60 mg/day po in divided doses during 
the day may be most effective; ephedrine 25 
mg, amphetamine 10 to 20 mg, or dextrtf- 
amphetamine 5 to 10 mg po q 3 to 4 h maybe 
used. Tricyclic antidepressants (particularly 
imipramine, clomipramine, and protripty- 
line) and monoamine oxidase inhibitors are 
useful in treating cataplexy^ sleep para;lysis, 
and hypnagogic hallucinations. Imipramine 
10 to 75 mg/day po is the drug of choice to 
treat cataplexy but should be taken only dur- 
ing the day to reduce nocturnal arousal. Pa- 
tients taking both imipramine and stimulants 
risk developing hypertension and should be 
closely monitored. 
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nmomrt of T8 duiiag any of the raoaidins p»nods niammed. • 
The admiriistration of 0.9 nmol/kg of CHA, however, pio<3uced 
DoBd'-RseDDnee eneett oi w»a oisnififlantreduriionfl ofTS during aUtiiiw periods =°™Pfi«a 

effecta of CHA on wakefolne., ««itt. v^ou, "^^e, of rfe^. ^^^^^^^^fraT^SS the f^8hr, -21.6% 
^ S-^»:*d1^-ro^^f^:^»- T^^^^^ ^M^^*'^ -2,eXLin, the 0- to .-hr 

Effects on deep JatenaeB, The doBa-response efftcra of 
CJHA on latandee to 8= «ad KEM are eUJnmariied in tflbk 4. 
AS showa to table 4, both the 0.03- and O.l-;imol/fcg dosw of 



lied with hoth the B 



tt> 8-!hi recoidioB period as eomf , 
control (+100JS, P <= .01) and O-l-^onolAs ^^^^^^ \ 
< .OS) groi^pB. Thifl 0.9-mnol/kg doae also BxgnificanUy n 
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Dosfr-respenss sttects ot CHA en wakefulneBS {W), 5„ S,, REM snorc 




CHA.dii aot nignifieoaay change tie latencies to S, and HEM 
durins any lecordmg period. The O.a-^^mol/is dow of CHA 
sinnificflntly dekyad t3i8 onset of Sa aa compared with both the 
6^ (+a3.6a, P < .05) «id 0.03.HmolA5 (+296.8?i, P <= 
treatment eioups. Treatment with 0.9 /aaoipag of CHA agam 
significantly inoreased Sj Ifltanoiea in companoop with the 
salinS (+1S0.S, F < .06) and 0.03-pmo)/l!g CHA (441.9^, P <; 
.01) do3« s«»up=- Tha admiaiBtrstion of this HiaJiest dOBS or 
CHA- also signiScantiy Incieased the latency of REM -irhen 
oompaied »itk all aihei trefltttSBt siouPB tt> < .01 IB all easea), 
the delay la ibB onaet of BBM w«a greatest in oomparison wtH 
tbo aaliie cQntrol giOBD (+713.6%) and was least bs ccjmpftied 
with 11>e0.3./iniDl/keOHAaaB«sto«P (+323.6%). 

Effects on ratios of raiirateB or Sj w minutes of Si. As 
shown in table S, the COS-iunol/kg doeo of CHA mgmficantly 
mcreawd tha iaUo3 of Sa to S, during all time pwicA eaamms d 
(P-i oijoAdtkBmaiiBiutiijncisaaaoccurreddunnetlieBecona 
3 hi 'of recording. The latte of 8, to Si «js^i£=«'tt' 
xfiducEd by 0.1 wnol/tE Of CHA as compared i^^ 5"!.';^" 
jtjnol/kg CHA doac during both tho 3- to 6 (--1^9%, P < .05)- 
and 0- to e-hr (-40.555. T < .01) lecordiDg periods. ThE_0.3- 
KmolAe do« c£ CHA both Bignlfioflntly in«»^sd tie Mtlo 01 
Sj to Si irith respect to the saline contsol group (-^85.755, P < 
•OS) ajid isduoedthiB t»tln in compaiisDU with ths 0.03-mciI/ 
kg dose group (-38.1%, f < -01) daring the 0- to 6-hi racordmg 
pf doi TJ« LLiiustration of 0.9 timoWz of CHA icfwered the 
ratio* of a, to 3. in =«upari.on mth "^^^-^^''^'^f^J^^^f, 
CHA durins toth the 0- to 3- and 0- to B-hr penodB (-60.0 end 
-4^56, Jpertivriy, P < .Olin botk eaaes). In addition, this 
same CHA dose {OS /unol/kg) Blgnlfleanity 5acrea»d the riho 
of Ss to Sj witH roapect to the aaUns control stoup durin? the 
3- to B-hi i«eor<ling period (+157.196, P < .05), 
Dose-flesponse Effects of NECA 

Effects on watefnliiess. Table 3 stanmarizes^dose- 
responso efiects of NECA an vokefulne", 8„ S„ REM Jmd 
T3. The 0.1- aud 0,3-)imol^g doses of NECA did not mgnifl- 



t6s<8 a wfoprlata tt Ihi 



£iJL (iJiinuIM) 01 SIX WB per group. «l aw 
3a u9lng Bie^^\wtance and mdi^te « 



3-B 31.S±ia 27.7 ±4.6 £1.847.6 .!3.S*3.S' 
tl 7oJ*ia5 733 ±5,4 5B.3±11.6 63,6 = 0J 



0-S 11liLS±3.9 eMxS.J 

CLa 78£4a£ SUsiB 102.0 ±8.3* 1033*4.6° 

a.* 7S*a9,6 sejiiBJ" 109.5 ±6.B» 94.3=4.1 

0-6 lEMAWJl <B7jli6.4' 211.5±11.r 202,B = 6.0" 

0% IffjattA 13J±S.O 365 2 13a 10.0 SOJ»- 

^ M ni,s*iw i3a,8<.« i«&±8.a If^iiX^ 
«4a.55=7.s iss.Bi4,a ifii.3iB4 laasias 
^ ^Sils ^>i5b,4 W7.8;i=ia.3 aoi^=^g.3 

^SJva^'S!^ ai'7m^N|S''8«^^ .0| jP < ^1- 
eirt(to=n;V diRrowl from 0.9-^i>i;)«9 M^C*- B™V. " P< -05: 'P < ,01 . 



cantly flfiect wstefiilness daring any recording poriod exam- 
ined, Tioatment vaA 0.9 yXDo\fks of NECA oifpaSfjeantty ds- 
creaaed iMatefulneBB durSne the 0- to B>hr period io comparison 
ynih tt« O.l-^ol/ks doB6 gioup (-SB.3%, P i)S) tet m- 
creaBSd wakefulness during the Becond 3 hr as cojnpnred ■mih 
ths 0,3.MlttolAg NECA dnae (+76.6%. P < .05). 

EETeias on Si. Adminiatratloii of 0.1 /smal/hS of NECA 
Bignificantly decreased tie amoimt o£ Si duiing the 0- to 5-lir 
recoidlng period aa conipanid with the saliaa group (-19.2%, 

P < 06). Si also was BigniScantly snppteasedljy the o.3-/miol/ 
kg doae o£ NBOA la oompaifcon with the saline control group 
durine aU recorefine periods B»d the largest dBwaMo bwunad 
Stl» BBConda t« of recorai*,ff (-83^!%, P < -01). The 65- 
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kg dose group dvmaS bo'^ Z^^,T^^ m In^h casra) C?l81.7ft, P ^ .05)-tim« poiioda. After Hw Bdnuawteiifaon of 

Ot NECA alBO siFdfi^tly c!ecr«a^«i Si m co».pai»Bon wrth t^pactivaly, P <: *b m am cases/. 
AS Q.yumom am> durine th9 O- to ^hr ttoe period Dieeus«!on 
^"Sts^onl'AsehowiitowWDS thsOa-t^olAB^^^^^ Th8 imlts of the present fltudystow the eSects on sleep of 
°-fltDS°'«StrP< Mm -^-l^^ tocnasad values fox 3, &«» «•« 

,01 iu both cssaO. Tlus of NECA ^^BO ^^^Hy in ^ wriksfcliiKa and TS were unchanged for 

creased when coroparrf -^ith tK« 6.1-;.inol/kg NECA do== ^^Al», ^^"J^^^j.^^ ^ Qnly 03-;«n.lAg clo» 

(+8.1%. P < .Offl. rscorins tJ» of L-PIA end CHA iacieased wakeftOneas Bnd decreased TS. 

E£f«tB oa BEM. Danug xte flscond 3 ^'■"^^^^^ Wh-r-asthe wme do« of NBCA S^Loreaflod TS daring ito 0. to 

O.S.^olA. dose °f ^^AB^^jn,^^^ IS^CS. M^^«ria red»«d REM in C.« 

of REM-tts compared with Z iedooe but beeauae tJw amount of JiEHUnlativoly 

(+21SJ25J, F < .01). In addition, the admlnisk^n of OJB ^S^^^^^'^^,^^,^^;,^^ ,„^,^ 



....o.... ^....Inaddinon,_.headn.^x.^ ^.^^^t =%^e^r3 ^«»a 

^oIAb of NECA »»ulte£ 5- "e^ncan^ le^^ than J^^^saKednction tr.«ld not demfi«mtly affBot either 

0,9-mOl/lig dose reduced TS l>y ID.oa ^ ™tJ. th. cnnBl^t with the hypodiesia th^i to ONB- 

aalina control poiip(P<: .05). _ ^.^eca oalat»n- rtUniLrt oSEect of^iaffeme and other methybscUliBes is due 

E1T«W on Sl^p ^.'l^^^X M rtLeb ability to tat^gon^e dcp^=«>t eS»te o£endog«.o™ 

. ei« to S= and REM are presented m table 4. ™ ^noJine (PMlBs aad Wu. 198«. IT stimulaiion of edenoeuw 

doSB when compMed with ike. salina s»"P. 6i8nifie"^y ^ • •™!7J?L tcWoal ead EEC effects of I-PIA, 

Sj'ih.l.lan%tO&(-4S^5l.P<.05)butETeaUy delayed -/P^^^^^XSo^^SSs^^ In tbs CNS 

Effects on ratios of miUKeaof 8, ro mlnures ofa*. ^ espected to elevate the ler-^U of »te.osmc 

d«c-r«sponaB affects of NSCA <» th. rabos ^ S. -^t^^ri^cotoaycin. b potent mhftit^ of ^BOSine 

(^ttOO%Tp< 01i.Th6D.3-^mol/k8NBCAdo.ed^^ 1983). Foithermoie, x- 
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)1 5, to minutes of S» 




d-S 15 = 0.3 4.0 = 0.9° 2.7=03 i^^O.* l.eiO.I" 
£5 I d ±0.4 A.S±0.8' S.3iz0.3' 2,9*04 ^ 3.8 = 0.7' 
M 1.4 = 0.2 4.S = 0-7» e.6±0.S'' aSiO-S'." MiO.S" 

^ £.9= 0.8 6.<«1.6>' E.S±a.g' 



<xi. 



shown to 4ecreas9 wa)tetulneas and Increase both 8a and T3 
(Vtnia et ol, 19S4). Ip accordflncB. admlnlSHadon of S-adeno- 
symomocsBteJne. which Mm he converwd to adenosine ia the 
brain to rais". mctBased 3WS md HEM vhea. liho coHismind 
■was ^ven in ilw aftsmocra hmrre (Saxda e* ot, 1968), wkeieaa 
admlnlsvm'atai of the dtug to cats decreased TrairfolneBB an«J 
Si and Increased Si and REM to b. similar dose-raprame 
relalionBhip W oui data (Fonlupi ct aL, 1980). Also, a^talMa- 
nailon of a-adenosyl-L-methioniaB to rabbits produced eeda- 
tiop and sspichronlzatlon In the corBcal EEG (Bo et ot, 1976). 

BiOchemiCBl mechanisms of tha eiaBcioffldanoame andodcu- 
oatae analogs on sleen are noi weU unaeistood. There ore two 
15pes of adBJiosine recepton on th= raterarf surface ceUs, Ai 
and Ai (Van CalkBr et al, 1318), whidi iifet oonsidciob^ m 
tlielr seleetiviTy towaid adenoainc aad ndcnoeioe aaalog*. Both 
adenoBtaB aud adBEosina muJogs used teis activate A, Tecep- 
Mia In nanoBioJar quantltiea and redwM ad«ylate cyelwe 
ortivity, whereas activation of A2 leoeptoM. hx^ci with stta- 
ulatJon of idenylats cyclase, recpiires ujioiowolar quantataBB rt 
the con.poP.di (Vatx Calker et at, 1870; Londoa at, IMOj 
Sjiudsr et 1981). It is of i^t^Ksi to note tW^ tl" effect M 
- ^mnloF. employed on S. and REM ^-osobtmned 

- of the draga and tlioi_»t dimm - 



butyric acid CHolinB and Stone, 1980), serotonin CHarma at aL. 
laiB) and dopaiaine 0s4ichaalja et at, 1373), whereas 'an aden- 
■ ■ ' laine, deciaased the amowml of ra- 

^ Et aJ_ 1979). 

PhyBiiflogical SWS or SWS piodnced by baibituratea, ban- 
zodlazeplnea or adenOBlne analosB in rata ie chaiacKtized by 
the MfTi volcaee amplitude BynchroniwtJon in iha EEO. For 
this leaaoQ, ayncbronlzatlon In tJie EBO alone could not be 
taien a? a sood paiameter fci dlatinguisUing between phywo- 
loBlcal-and-diug-Jnduced SWS. However, hypnotio drugs have 
been shown to aUDpress BEM, -Phereaa adenosine analoES in- 
creaeaJ BBM In iljepresent study. This susaesB that adenostaa 
analogs act Clmusb b dlfteieK mechanism in pioductos tbel; 
efCact on Bleep than hyimotie 6msa. This may eugsest furthei 
that Ss induced Iiy adenosine analoes differs from Sa of the 
hronodc asenia and Is, perhea>s, closer to the phyalolodesl Sa 
roT fit lease two reasons: 1) Increassa in Sa and BBM lor 
adenosine analog were obtalaed only" at cenain doBagea and 
could not be fiinher augmenwd by a does incraasB a»d 2) 
EudeoEffiiits modulates the activity of nEiuotcasBsiittera Soand 
to contribute to wakafiibicsa. The results iniUcate a*tele fox 
BdeBosinsin tbexeeulattonof sleep and hold piomiae fern nt 

dsBE of compoundi aa potential agents in the fr— ' *■ 

elsep disoTdns. 




ished whni the conesntjatiou of the drugs raached imOroB«las 
langB (0.3 uunolAs). Tba suggMts thot aativation of Ai_teib9i 
than As iJeptot!, contributed to liwe drug airtiona. In a 
^i^o^^ j ha« » xaodulatoay rffert oa tr™ 
Ca++ flux« (PhllHo, 1B77) and may 6«PP»»= Ca '^^^^ 
Raceatly, indcnosine reoepto* agoniets havo been BhowB to 
ilAibit Ki-evoked Ca-" uptake by lat bisoo cortical aynaplo- 
aomeo (Wl et ot, 1983) . K Buot o dapwsiion of Cu^ flm occure 
at oMovniitic eitee, it in»y roiucs the tc1swm> of biain neuio- 
teaLnJttSa (8chub.rt «t 1880). ThoJ, aHKt of L.FIA. 
GHA aad INECA on sleep oouU 1» dno to tha nctinn of theaa 
oompouscii on A, isceptoiB and reduc ed tdeae e e 
Tde^p'uio^""t!^9)-^Al^^rfinsly,'^^^^ baa been re- 
ported to IreducB the relBaae of acatykholina (Ginabotg and 
Hirst. 1972! Ribairo smd Walier, 197S: LeWc, 1977; Dustatson 
at ot l9iS), aoispiflaphrlna fHed(iui8t and Jiedhohn, 5.97ts: 
Enezo and Saidinim. 1977> Veihaeghe et ot. 1977), -y-anjino- 



m mi vat- J- Phaxmacoi itqi- Ther. 220: ^o-^n, 
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CYTIDINE-CONXArNING AND CYTOSINE- involving administering a therapentically-efiective amount 

CONTAINING COMPOUNDS AS of either a cylosiiie-oontaining or cytidine-containing com- 

TREATMENTS FOR STIMULANT pound to the mammal In various preferred embodiments, 

EXPOSURE the vasoconstriction is cocaine induced; the vasoconstriction 

5 is induced by a substance that causes vasocoastridiOD; the 
imal is a human; the therapeutically efiective compound 
cytidine-containing compound, for example, one thai 
includes cytidine or CDP; and the cytidine-containing or 

BACKGROUND OF THE INVENTION cytosine-containing compound further includes choline (and 

This invention relates to methods for the treatment of " exampk CDP-choline). 

stimulant abuse and addiction. ?y "treatmg" is meant the medical management of a 

T .1. -J inon^ .!„ _r .1. 1 . ■ patient with the intent that a cuK, amelioration, or preven- 

In the in.d-1980's the use of the stmiuknt cocaine ^ ^ dependency or a relapse or associated disease. 

ieachedepidemu:levelsmtheUmtedStates.andeve^ pathological condition, or di«,rder will result. This tem^ 

abuse of this drug remams widespread: In 1995, the Sub- « j„„i„j.f.„H„„ , , a j e 

stance Abuse and Mental HealTAdministration reported "'du.^'c^ve treatment, hat is, treatment direct 

... 1 n c •„ • » J J • , J cally toward unprovement of the dependency or associated 

that nearly 2.5 miUion Amencans admitted occasiona and „f „ j „,,h„i„,„„„i ,„ i-, „ „ j- j j 

600,000 admitted frequent cocaine use. TTie adverse societal ^ ■ , H ' P'^^"^'" f . ' °. 

,,. ^ • c L • ^Iso mcludes causal treatment, that is, treatment directed 
and health consequences steinmmg &om such cocaine use ^^^^^ ^^^^^^^ ^^^^ ^^^^ dependency or a^u.ia.ed 
are significant. Fu^t, there ,s the hidden toU of emotionaHy pathological condition, or diLder. In addition, this 
and psychologically damaged famihesdealmg with a famdy .v„i„j^o „„ii.v, „> , ,„ , ,u , . . . 
fi. 1. ■ - J J .J 1 ■ term includes palliative treatment, that is, treatment 

, , . ' , , the dependency, disease, pathological condmon, or disorder; 

sequences associated with cocame use and abuse. . .u . • . . . j- • j. 

«, >u <. ui,^ preventive treatment, that is, treatment directed to preven- 

Although historically the frequency of hospital admis- 25 tion of the dependency or associated disease, pathological 

sions associated with cocaine abuse has been relatively low condition, or disorrJer; and supportive treahnent, that is, 

(0.35-3%), hospital visits stemming from a cocaioe-ielated treatment employed to supplement another specific therapy 

event now appear to be on the increase. In addition, the case directed toward the improvement of the dependency or 

report literahire illustrating catastrophic neurologic and associated disease, pathological condiuon, or disorder. The 

cerebrovascular complications in cocaine users is also rap- so term "treating" also includes symptomatic treatment, that is, 

idly growing, and the incidence of cocaine-related strokes treatment directed toward constitutional symptoms of the 

has been charactenzed as reaching epidemic proportions. dependencv or an associated disease, pathological condition. 

Surprisingly, many cocaine-related deaths are not associated oj- disorder. 

Z^. Zi^' ^f! ^t^^^ ""'/^^' r' By "exposure" and "exposed" is meant the condition of 

TL^^^^lt^,^^ " "^'"g '^^i^''^ '° inadvertenUy or inten- 

10 severe cogmtive dysfunction. ti„„,„y ^ mechanism for intro- 

Moreover, experts m this area have observed that even ducing the stimulant to the mammal, the most typical being 

during periods of cocaine abstinence cognitive abnormali- insufflation, inhalation, and intravenous administration. This 

ties persist, suggesting that brain dysfunction occurs and is term also includes exposure to a stimulant when presented in 

maintained beyond the period of acute cocaine intoxication. « combination with other compounds not considered stimu- 

The"cUnically silent" nature of these abnormalities implies lants. The term exposure may also represent single or 

that substantial numbers of cocaine users may be afiSicted multiple incidents 

with defects as yet undiagnosed. The etiologies of these g "stimulant" 'is meant any substance that temporarily 

subtle changes have not been ehiddated. although cocaine- increases functional activity, and preferably cardiac, 

mduced vasoconstriction and vasospasm have been miph- 45 respiratory, cerebral, nervous, vascular, motor, or vasomotor 

" ^ " functional activity. Prefsrred stimulants include, without 

To date, there arc no approved pharmacotherapies for limitation, cocaine, amphetamines, methamphetamine, and 

cocaine abuse and dependence although the need for such melhylphenidate. 

therapies is clear. By "Iherapeutically-eflfective amount" is meant an 

SUMMARY OF THE INVENTION °I > jytidine-conlaining or cytosine-containing 
compound sufBaent to produce a heahng, curative, or 

In general, the invention features a method of treating a ameliorative effect either in the treatment of a stimulant 

mammal exposed to a stimulant involving administering to exposure or stimulant dependency. 

the mammal, a therapeutically-effcctivc amount of either a jj By "cytidine-containing compound" is meant any com- 

cytidine-containing or cytosine-contaimng compound. pound that includes, as a component, cytidine, CMP, CDP, 

In preferred embodiments, the mammal is a human; the CTP, dCMP, dCDP, or dCTP. Preferred cytidine-containing 

stimulant is cocaine; the therapeutically effective compound compounds include, without Umitation, CDP-choline and 

is a cytidine-containing compound, for example, one that cytidine 5'-diphosphocholine frequently prepared as cytidine 

includes cytidine or CDP; the cytidine-containing or gg 5'-diphosphocholine [sodium salt] and also known as dti- 

cytosine-containing compound further includes choline (and colinc. 

is, for example, CDP-choline); the mammal being treated By "cytosine-containing compound" is meant any corn- 
has a stimulant dependency or stimulant craving; and the pound that includes, as a component, cytosinc. 
mammal being treated is a pregnant woman or a child with By "dependency- is meant any form of behavior that 
antenatal exposure to a stimulant. „ indicates an altered or reduced ability to make decisions 
In another aspect, the invention features a method for resulting, at least in part, from the use of stimulants. Rep- 
treating cerebral vasoconstriction sequelae in a mammal, resentative forms of dependency behavior may take the form 
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of antisocial, inappropriate, or illegal behavior and include (FIG. 2A) versus "dean" (FIG. 2B) when treated with 

those behaviors directed at the desire, planning, acquiring, CDP-choline (• indicates significaace at p<0.05 relative to 

and use of stimulants. This term also includes the psychic baseline). The unshaded bans represent patients at baseline, 

craving for a drug that may or may not be accompanied by and the shaded bars represent patients post-treatment. The y 

a physiological dependency, as well as a state in which there 5 axis is a visual analog scale (VAS) in millimeters where 100 

is a compulsion to take a drug, either continuously or represents "most ever" and zero represents "not at all." The 

periodically, in order to eiqwrience its psychic effects or to VAS is designed to quantitate subjective mood statements, 

avoid the discomfort of its absence. Forms of "dependency" piGS. 3A and 3B are histograms depicting changes in the 

mclude habituation, that is, an emotional or psychological percent levels of cocaine craving exhibited by patients when 

dependence on a compound to oblamrelieffrom tension and lO treated with CDP-choline (t indicates a trend relative to 

emotional discomfort, as well as physical or physiological baseline). The unshaded bars represent patients at bascUne, 

dependence, that is, use of a compound to prevent with- and the shaded bars represent patients post-treatment. The 

drawal symptoms. ^ah is the same as described in FIGS. 2A and 2B. 

By "antenatal expc^urc" is meant exposure of a subject to piQ. 4 is a histogram depicting improved cognitive pio- 

a stimulant before birth via the anlq)artal mother, the is cessing ability in patients who are "active" users treated with 

antepanal mother having had an exposure as described CDP-choIine as measured in the P300 ERP test, 

;Brcraving"ismea„.abehaviortha.reflectsa.^^^^^ ^ ^^.^^^nS^^l^^l^^ 

mg desire, longing, or yearning for a stimulant. This . .f _ .... 



lesire longing or yearning for a stimulant. TTiistenn cDP-choUne. The ^.shaded bars represent patients 
reter to aspects ot behaviors that are components of a baseline, and the shaded bars represent patients post- 



dependency. 



..t^OS.6Aand6BareMagnet,-cRe»nanoetaag.(MRI) 



condition following and resulting from the 
blood vessels in the cerebrum provoked by a motor nerve 



following intra- 



, . , . f - , ... 25 vc-uuui cocaine administration. Axial maximum inteisity 

chemical compound, for example, any disease, pathology, ^ projection images are indicated at baseline (FIG. 6A) and 20 

neurologicalde.cits,a.teredbrainchem.istry.i^ s^uTJ^ L?^:^r^'^a^l: J^^^^^ 

of task mastering, cognitive impairment, behavioral . . • .....> '^^ . .J 



s. vegetative responses, mental deterioration, altered - 'QQ:^ "^f^ f arrowheads), 

conditioned avoidance and auditory response parlmeters, l^S'^^^al^r ^-antenor, P=poster.or. 

and motor activity impairment. Such conditions may be „ ' _ . ' . . ^ ^ 

characterized by altered IcvcU of phosphomonoeslers FIG. 7 is a chart depictmg the effects of cocaine chi 

(PME), phosphodieslers (PDE), phosphocreatine (PCr), cardiovascular parameters such as heart rate (HR) and 



nucleotide triphosphates (NTP), inorganic phosphorus (Pi), 



systolic (Sys) and diastolic (Dia) blood 



the PCr/Pi ratio, the P-NTP/PCr ratio, cerebral phosphorus * is a chart depicting the effects of cocaine on 

metabolites, phospholipid precursors, cellular and organelle cerebral vasoconstiiclion as measured by magnetic reso- 

phospholipid synthesis, membrane synthesis, tyrosine ^^<^e, angiography (MRA). 

hydroxylase activity, dopamine and dopamine metabolism, FIG. 9 is a chart depicting percent differences in cerebral 

bioenergetic function, fatty acid release, neutral acids, phos- phosphorus melabolite profiles of patients on methadone 

phatidylcholine and glycerophospholipid degradation, maintenance (MM) as measured by phosphorus magnetic 

glucose, pyruvate, acetylcholine, norepinephrine, resonance spectroscopy. 

vasodilation, synatopsomal phosphorylation, cellular piG. 10 is a depiction of the molecular structure of 

proliferation, neuronal injury, edema, mitochondrial ATPase CDP-choline [sodium salt], also known as citicoline. 

a^ivaticI'EEr °*I''\°"P^?% ^ The invention described herein features a method for the 

™ 'Zr* .h^^ cardiovascular and respiratory „f ^.j^^j^^, ^^^^ .^^ 

parameters. The term Shall include any of the above condi- .• . . j j , ■ , \ 

lions altered alone or in combination ^'"""i?"' ''«P-"'>enqr and aasocuted sclf-destnimve behav- 

. . , , , lors. The mvenlioo focuses on cocaine abuse and addiction 

The presen invention provides a number of advantages. .nho^gh other stimulant dependencies may be similarly 

Imporlaatly, it provides one of the first therapeutics for the treated. To this end, the invention features the use of 

treatment of stimulant dependenci^ (such as cocaine cytidine-containing or cytosine-coalainmg compounds to 

dependencies). In addition, the cytidme-conlaining com- alleviate symptoms of abuse and dependency. One preferred 

pounds utihzed herem are relatively non-toxic and CDP- cytidine-containing compound is CDP-choline (also refened 

cholme, in particular, is pharmocokinetically understood and ^ ^ citicoline or CDP choline [sodium salt]). As described 

known to be well tolerated by mammals. herein, CDP-choline has been found to have two important 
therapeutic properties. First, CDP-choline improves brain 
chemistry in patients suffering from symptoms of cocaine 
abuse as a result of cocaine-induced cerebral vasoconstric- 

The drawmgs will first briefly be described. tion. And second. CDP-choline alleviates the dependency 

BRIEF DESCRIPTION OF THE DRAWINGS exhibited by active cocaine users. 

„„,.,. , In addition, the results described herein demonstrate that 

tio. 1 is diagram depictmg a tune line and the pomts at symptoms of cocaine abuse are very likely functions of 

which vanous procedures were performed throughout the cocaine-induced cerebral vasoconstriction. These results 
expenmental protocol described herein. 55 also demonstrate that symptoms of opiate abuse and depen- 

FIGS. 2A and 2B are histograms depicting changes in the dency (specifically, heroin abuse and dependency) induce 

i,u.i,w^ patients classified as "active" alterations in some, but not all, brain chemistry indices and 
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that certain at those patameteis in patients with heroin 

IB addictioDS 
n therefore 

enables methods and reagents for the treatment of stimularit 
abnse, such as cocaine abuse, by providing original data 
from human trials. 

The following detailed examples are provided for the 
purpose of iUustrating, and not limitiog, the invention. 
EXAMPIi 1 
CDP-Choline is an Effective Treatment for Cocaine 
Abuse and Dependence 

A small double-blind chnical trial of CDP-choline versus 
placebo for altering cocaine craving and modifying 
responses to cocaine-related stimuli was conducted. A total 
of fourteen crack cocaine users were recmited by passing a 
psychiatric, medical, and clinical laboratory evaluation and 
provided informed consent to participate in this outpatient 
treatment study. The subjects were completely randomized 
and the resultant demographic profiles are shown in Table 1 . 

TABLE 1 



The results of the assessments for adverse reactions 
revealed that CDP-choline not only had no side effects, but 
subjects were unable to detect whether they had received an 
active or placebo dose. No changes in health status or blood 
or urine chemistry analyses were observed. At baseline, 
three subjects in the placebo group and one in the CDP- 
choline group had nonclinical sinus bradycardia. One sub- 
ject who received CDP-dioliDe, developed a miU, nonrel- 
evant increase in the cardiac P-R interval. Finally, there were 
no changes in heart rate or blood pressure. 

Population Dynamics 
15 A post-hoc analysis revealed tbat both the placebo and 
CDP-choline group contained two distinct populations of 
crack cocaine users. "Active" users were defined as those 
who were currently using cocaine at the time of recruitment. 
These reports were confirmed using urine drag screens. 
20 "Clean" users were those who had been cocaine-free for the 
past 6-12 months. The distribution of active and clean users 
is depicted in Table 2. 

TABLE 2 

aivc'* vefgus "Qean" Users ijl Ihe Study Populadon. 



RaceCaii/AfiAmer) 



Cocaine Use (yi) 
Cocaine Use (#/weei) 
Ethanol Use (yr) 
Ethanol Use (#/week) 



The subjects participated in two evaluation sessions, each 
separated by two weeks, during which subjects received 
either placebo or CDP-choline (500 mg, twice daily). Fre- 
quent assessments for adverse effects and urine screens were 
performed during treatment. The overall research design is 
depicted in FIG. 1. 

On each of two assessments sessions, subjects were 
required to report to the laboratory to fiU out a number of 
subjective mood slate questionnaires. After this initial 
assessment, subjects then sat in a sound- and light- 
attenuated room and were prepared for standard EEG/ERP 
recording and physiological monitoring. After a 1 hour 
baseline period the first of three videos was shown. Subse- 
quent videos were shown at 1 hour intervals. The three 
videos included: (1) a neutral tape of coral sea life; (2) an 
emotionally laden footage of the movie "An American 
Werewolf in London;" and (3) footage of two men buying, 
preparing, and smoking crack cocaine. Continuous physi- 
ologic and electrophysiologic brain mapping measures were 
made before and after each videotape. 

In addition, subjects were required to answer a series of 
questionnaires were designed to assess the subject's degree 
of cocaine craving. These included questions like; "What is 
the likelihood of your using cocaine?;" "Are you planning to 
use cocaine?;" and "How much do you desire to use 
cocaine?" Finally, a test battery for reaction time and psy- 
chomotor function was given. The CalCAP™ is a series of 
10 different tasks each becoming more difScuIt as the test 



Assessment of Cocaine Dependency/Craving 
Responses to the Fre-Questionnaires with respect to 
"likelihood to use cocaine" revealed a statistically signifi- 
j cant decrease in this variable in the active cocaine users who 
had been treated with CDP-choline as compared to those 
patients treated with a placebo (FIGS. 2A and 2B). 

As another measure of whether treatment with CDP- 
choline could decrease cocaine dependency in "active" 
; versus "clean" users, patients were queried on the probabil- 
ity of their "planning to use cocaine" and their "desire to use 
cocaine" (FIGS. 3A and 3B). Although not statistically 
significant, there were strong trends (p"0.06-0.08) for 
reductions in these parameters in "active" users. A similar 
) reduction in the "likelihood to use" question was observed 
even after patients were subjected to the video depicting 
crack cocaine use (data not shown). 

To lest for the ability of CDP-choline to improve cogni- 
tive fimctiof] in cocaine users, a P300 ERF test was per- 
55 formed on "active users" (HG. 4). The P300 ERF test is a 
measure of memory encoding performance during the 
assessment of a novel stimulus. Reductions in acnplitude are 
generally interpreted as reflecting reduced cognitive pro- 
cessing. FIG. 4 shows that (compared to baseline) the 
50 reduction in P300 amplitude was modest and inagnificant in 
the CDP-cboIine treated "active" users while the reduction 
in placebo-treated "active" users was significantly greater. 

To further test for the ability of CDP-choline to improve 
cognitive function in cocaine users, patients hreated or 
65 untreated with CDP-choline were tested for theii ability to 
discriminate forms using the CalCAP™ lest (FIG. 6). Form 
discrimination was measured by showing the subjects 3 
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geometric shapes simultaneously and asking ttiem to press a from this study. A group of 24 healthy, medically and 

key when two were identical in shape and color. This task neurologically aormal males aged 29±5 years (mearutSD) 

required that the subjects make rapid comparisons and who reported casual cocaine use (median=8, range=3 to 

measured their ability to retain iconic memory. Patients greater than 40 lifetime exposures, primarily via 

classified as "active" users who were treated with CDP- 5 insufflation) was selected fcr study participatbn. Subjects 

choline showed a trend toward significant improvement in provided vmtten Inftmned Consent mlb McLean Hospital 



le (145 msec) in Form Discrimination a; 
compared to untreated "active" users (FIG. 5). 

Summary of Htunan Clinical Trial Results 



dependency, the following observations were made: 

1, CDP-choline improved sbott term memory and cogni- 
tive function in patients with a cocaine exposure. 

2, Patients with a cocaine dependency or craving were 
benefitted by treatment with CDP-choline. 

3, CDP-choHne is nontoxic, well-tolerated, and was unde- 
tectable by the subjects. 

These results indicate that CDP-choEne is a useful adjunct 
to current therapies for cocaine abuse, particularly in indi- 
viduals who are currently active users. Without being bound 
to a particular theory, these results are likely due to CDP- 
choline's weak dopamine agonist activity. In addition, these 
results indicate that, because of its low toxicity, CDP- 
choline may be useful for treating pregnant women, 
adolescents, and babies born to cocaine-dependent women. 
This last group is of particular importance because CDP- 
choline 's ability to reduce stroke symptoms suggests that 
this therapeutic may also reverse many of the detrimental 
micro-infarcts that occur during in utero exposure to 

To date, there are no approved pharmacotherapies for 
cocaine abuse or dependence. Administering CDP-choline 
therapeutically therefore provides an important approach to 
minimi2ing the detrimental effects of cocaine abuse and 
dependency and to speeding the recovery process. 

In addition, based on CDP-choline's mechanism of 
action, this and other cytidine-containing or cytosine- . 
containing compoimds arc generally usefiil for the treatment 
of other types of stimulant abuse and dependence, including, 



EXAMPLE 2 

Cocaine-Induced Ceiebral Vasoconstriction in 
Humans 

This clinical study was designed to evaluate whether 
intravenous administration of low doses of pure, phartoa- 
ceulical grade cocaine hydrochloride could induce cerebral 
vasoconstriction in otherwise healthy human subjects. Serial 
noninvasive imaging of the major cerebral arteries was 
conducted at baseline and twenty minutes following cocaine 
admini.stration, using magnetic resonance angiography 
(MRA). MRA is highly sensitive to bbod flow perturba- 
tions. Vasoconstriction results in vessel signal intensity loss 
at the site of and distal to the constricted region, and MRA 
has proven useful for detecting acute cerebral vasospasm. 
This technique is noninvasive and does not utilize ionizing 
radiation, facilitating within-subject repeated-measure study 



Subjects 
ts with either no history of cc 



Institutional Review Board apptovaL Subjects nixlerwent a 
complete physical and neurological exam including ECG 
and hematology prior to study, and provided a medical 
history including estimates of ilUcit drug usage. On the study 
day, subjects provided breath and urine samples to detect 
recent alcohol or illicit drug use. Breath samples were 
analyzed with anAlco Sensor HI Breathalyzer {Intoximeters 
Inc., St. Louis, Mo.). Urine samples were analyzed for the 
presence of cocaine, amphetamines, phencyclidine, opiates, 
" barbiturates, benzodiazepines, and tetrahydrocannabinol 
with a Triage™ Test (Biosite Diagnostics, San Diego, 
Calif.). All siibjects had negative breath alcohol samples and 
urine screens. Each subject bad an 18G angiocath inserted in 
a vein overlyii^ the anteciibital fisssa £ar cocaine or placebo 
20 adfflimstratioD. Subjects were fitted with noninvasive car- 
diovascular monitoring equipment (In Vivo Research, Inc., 
Orlando, Fla.) including 4 lead electrocardiogram (ECG), 
blood pressure cuff, and pulse oximeter, to provide continu- 
ous monitoring of ECG, blood pressure, and heart rate. 
Magnetic Resonance Scanning 
Magnetic resonance imaging was conducted with a 1.5 
Tesla Signa Scanner (General Electric, Milwaukee, Wis.). 
Tl weighted sagittal localizer images (TB/TR: 19/600 msec) 
were used to position MRA imaging sets. Angiogram imag- 
ing sets of 60 axial images were collected with the three 
dimensional Time of Flight (3D TOP) magnetization trans- 
fer imaging option with flow compensation and saturation. 
The following acquisition parameters were used: TE/TR: 
5 35/20 msec, FOV: 19 cm, matrix: 256x192, slice thickness: 
1.2 mm, 1 NEX, imaging time: 7.5 minutes. Each image set 
produced a single axial maximum intensity projection (MIP) 
image which was analyzed for drug effects. Cocaine (0.2 or 
0.4 mg/kg) or placebo was then administered by slow 
intravenous injection over 1 minute; all doses were given in 
a double-blind manner. Seventeen minutes after drug 
administration, a post-drug 3D TOF series was initiated, 
with a midpoint of the imaging sequence occuning 20 
minutes after drug administration. 
5 Image Analysis 

Baseline and post cocaine/placebo axial MIP images from 
each subject were analyzed for drug-induced changes. Two 
expert raters, blinded with regard to study drug 
administration, independently analyzed the 24 image sets. 
° Prior to analysis, the 2 raters agreed on criteria thai would 
be used to determine alterations between baseline and post- 
drug images Subtle image differences discernible by both 
raters, including change in the caliber of moderate and large 
sized arteries and focal narrowing or complete signal loss in 
' a major arterial strucnire were considered as alterations. 
Image sets were scored as unchanged, ambiguous, or altered. 
Concordance was established when both raters agreed in 
their independent scan ratings. A weighted kappa statistic of 
0.64 for interrater agreement showed a very high degree of 
' between-rater concordance (p=0.002, two-sided; 
unweighted kappa°0.70, p<0.0001) (Fleiss. J L, et al, Educ. 
Psychol. Meas., 33:613-619, 1973). 

Results of Study on Cocaine-Induced Cerebral 



Baseline cardiovascular parameters were normal in all 
subjects, with heart rate (HR) averaging 68±2 bpm 



(meaoiSE), and systolic (Sys) and diastolic (Dias) blood 
pressures averaging 126±3 and 70±3 mm Hg, respectively 
(HG. 7). SUght increases in HR, Sys, and Dias were 
observed in the placebo-administered group (HG. 7) and 
were attributed to expectancy cfEbcts. Both cocaine doses 
elevated heart rate for the duration of the experiment, with 
peak increases in HR, Sys, and Dias (FIG. 7) occuning 
approximately 6-10 minutes following drug administration. 
Twenty minutes after cocaine or placebo administration, at 
the midpoint of the MRA acquisition, HR and Dias remained 
elevated in all subjects administered cocaine and Sys 
remained elevated in subjects administered 0.4 mg/kg 
cocaine (FIG. 7). An overall dose effect of cocaine (repeated 
measures ANOVA) was detected for HR and Dias at the 20 
minute time point (FIG. 7). 

Image analysis revealed a relationship between cocaine 
administration and angiographic alteration. AU baseline 
images were judged to be normal. Raters determined that 5 
of 8 subjects who received 0.4 mg/kg cocaine experienced 
angiographic alterations indicative of cerebral vasoconstric- 
tion. These ranged from subtle differences in arterial caliber 
10 more significant alterations, including focal narrowing or 
complete signal loss from a major arterial structure. These 
alterations were detected in the posterior cerebral artery, the 
middle cerebral arteries (FIG. 6), vertebral arteries, and the 
anterior and posterior communicating arteries. Three of 9 
subjects who received 0.2 mg/kg cocaine had angiographic 
alterations in several arteries including the anterior commu- 
nicating arteries and the posterior and middle cerebral 
arteries. One of 7 subjects who received placebo was ruled 
to have an altered post-placebo MRAscan. FIG. 8 shows the 
observed classification of angiogram results stratified by 
cocaine dosage for all image sets. Statistical analysis of 
concordaatly rated scans using a lincar-by-Iinear association 
model (Agresli, A, Categorical Data Ajialysis. John Wiley & : 
Sons, New York, 1990) for the ordered categories of 
0=unchanged, l=ambiguous, and 2=altered, indicated a sig- 
nificant association of increasing prevalence of altered scans 
with increasing cocaine dose (p=0.041, one-sided). When 
discordantly rated scans were included, the significance of , 
the association decreased slightly (p=0.056). These findings 
demonstrated an apparent relationship between cocaine 
administration and altered MRAscan; moreover, this effect 
appeared to be dose-related. A stratified analysis of this 
small sample by frequency of self-reported lifetime cocaine / 
use (1-10 times, 11-40 limes, or greater than 40 times) 
revealed a statistically stronger dose-response relationship 
(p<0.001), suggesting that prior cocaine use may have a 
cumulative effect in promoting angiographic changes 
indicative of vasoconstriction. 50 mediate 

The study design precluded direct measuremenl of plasma import 
cocaine levels in the present study population. However, we 
obtained plasma cocaine levels by gas chromatographic 
analysis (Teoh, S K ct al., J. Clin. Psychopharmacology 
13:87-99, 1993) from comparable subjects administered 55 
cocaine by identical protocols. Peak plasma cocaine levels 
of 230tlO and 90£lO ng/ml were found 6-8 minutes fol- 
lowing intravenous administration of 0.4 (n=3) and 0.2 
(n=6) mg/kg doses of cocaine, respectively. Plasma cocaine 
levels of 180±30 and 80±10 ng/ml were found at 20 minutes 60 
post-administration, corresponding to the midpoint time of 
the present MRA acquisition, following 0.4 and 0.2 mg/kg 
cocaine doses, respectively. These values and their course 
closely parallel those published in a recent report of the 
venous plasma cocaine level time course folkiwing intrave- 65 
nous cocaine administration (Bvans^ S M et al, J. Pharmacol. 
Exper. Therap. 279:1345-1356, 1996). 
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Summary of Results 
The above results are the first to document that intrave- 
adminislration of a relatively low dose of cocaine to 



3 induce angiographic changes 
1. This finding suggests 
that tow cocaine doses are sufficient to induce cerebrovas- 
cular dysfunction. The data also reflects a dose-effect rela- 
tionship between cocaine and vasoconstriction. This finding 
suggests that moderate to heavy cocaine users, who may 
attain plasma cocaine levels greatly exceeding those likely 
to have been achieved in this study, may experience a higher 
incidence of cerebral vasoconstriction. As cerebral vasocon- 
striction has been linked to hypoperfusion and persistent 
. hypoperftision has been associated with neuronal 
dysfunction, the present findings indicate that moderate to 
heavy cocaine use is likely associated with neuronal dam- 
age. 

Cumulative Effects of Cocaine and the Etiology of 
Chronic Cocaine-Induced Brain Dysfunction 
Although it is assumed that chronic cocaine abuse is 
requisite lo produce persistent perfusion defects and cogni- 
tive dysfunction, it is presently unclear what threshold level 
of cocaine exposure results in these conditions. The cogni- 
tive dysfunction observed in chronic cocaine abusers is 
related to amount of cocaine used, suggesting a cumulative 
effect of cocaine on brain function. The present shidy 
documents a relationship between prior cocaine use and the 
propensity to experience vasoconstriction, suggesting that 
cocaine may have a cumulative effect in producing cere- 
brovascular dysfunction in addition to its acute vasocon- 
strictive effect. In this regard, self-reported lifetime cocaine 
use of more than 10 times nearly doubled the risk for 
experiencing a cocaine-induced angiographic change (75%) 
compared to the risk experienced by subjects reporting 10 or 
fewer episodes of lifetime cocaine use (38%). The present 
data suggest that the incidence of cocaine-induced cerebral 
vasoconstriction may be increased in individuals who esca- 
late from experimental to casual or recreational cocaine use. 

The present study was conducted at a single time point 
following cocaine administration, precluding analysis of the 
time-dependence of cocaine-induced vasoconstriction. 
Because cocaine-induced vasoconstriction is a transient phe- 
nomenon and because our lime frame for its detection was 
short, it is conceivable that more subjects experienced 
vasoconstriction than detected in the current study. 
Additionally, we are unable 10 address whether cocaine or its 
metabolites, some of which are potent vasocomtrictors. 
Cocaine metabolites may play an 
e m inducing delayed cerebral 
. because then- levels gradually increase 
over several hours, and in extreme cases persist for up to 
several weeks. Tbus they may trigger prolonged cerebral 
associated with decreased cerebral perfii- 



The present study used intravenous cocaine administra- 
tion as the drag delivery method, while intranasal adminis- 
tration and smoking of the alkaloidal form "crack" are the 
more common forms of administration. The mode of cocaine 
administration has been suggested to be related to cere- 
brovascular effect, with the intravenous route leading to 
hemorrhagic strokes and "crack" smoking leading to both 
ischemic and hemorrhagic stroke. Thus, it is possible that 
different forms of cocaine or different routes of administra- 
tion may produce dissimilar rales or severity of vasocon- 
striction. However, our finding of a dose-e£fect relationship 
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between cocaine and vasoconstriction suggests that once a time. These frequencies were statistically equivalent across 

stifficient plasma cocaine concentration is adrieved, cerebral MM duration subgroups. 

vasoconstriction likely occurs. An age matched comparison group (6 females and 10 

Moreover, the results of this clinical trial demonstrate a males, aged 40±4 years) with no history of substance abuse 

real and substantial dose-effect relationship between cocaine 5 or neurological or psychiatric disorder was studied with 

and cerebral vasoconstriction. These results underscore the identical procedures. AQ subjects provided written informed 

risks of single doses of cocaine in promoting cerebrovascu- consent with McLean Hospital Institutional Review Board 

lar abnormalities, particularly in individuals with other risk of Approval. 

factors. The data also strongly suggest that there is an aU subjects provided breath and urine samples immedi- 
increased risk of cerebrovascular dysfanctioa in individuals w ^^^j^ ^^^^ ^^ scarming to determine whether recent alcohol 
who are frequent or chronic cocame users, and that this illicit drug use had occurred. Breath samples were ana- 
dysfunction may be progressive. Together, these findings ly^^ ^ aIco Sensor HI Breathalyzer (Intoximeters 
highhghl the potential dangers of cocaine use on cerebrovas- inc., St Louis, Mo.). A positive breath alcohol sample was 
cular function and document the importance of cytosine- g„unds for study exclusion. Urine samples were analyzed 
contaimng or cytidme-conlauiing treatments such as CDP- is presence of illicit drugs with a Triage™ Test (Biosite 
choline that protect against or correct vasoconstriction or its DiagnosUcs, San Diego, Calif.). A positive urine test for 
symptoms. jjjj^t ^ g^unds for exclusion in the MM 
£jjji^j^jpi^ 3 population as it was assumed that this group would have 
ongoing drug use. The frequency of positive Triage testing 
Cerebral Fho^horus Metabolism in Heroin- for all substances was statisticaily equivalent across MM 
Dependent Polydrug Abusers During Methadone duration subgroups. 
Maintenance 

Heroin abusers have cerebral metabolic and perfusion Imaging 

abnormalities that persist beyond the period of drug intojd- 25 Spectra were acquired on a 1.5 Tfcsla General Electric 

cation and acute withdrawal (London, E D, et al. Res. Signa Scanner using a doubly-tuned, linear proton, quadra- 

Comm. Subst. Abuse 10:141-144, 1989; Rose, J S et al, hire phosphorus head coiL An axial whole brain slice 

Psychiatry Research; Neuroimaging 67:39^7, 1996). A volume of 50 mm thickness was prescribed through the 

Dumt)er of opiates, including candidates for the treatment of orbitofrontaVoccipital cortices as described (Cbristensen, J 

opiate abuse, have been evaluated for their effects on brain 30 D et al, Mign. Reson. Med. 35:658-663, 1996). 

function (London, E D, et al. Res. Comm. Subst. Abuse Spectra were processed with VARPRO/MRUI (van den 

10:141-144, 1989; London, E D et al. Arch. Gen. Psychiatry Boogaart, A et al, NMR Biomcd. 8:87-93, 1995). A 5 Hz 

47:75-81, 1990; Waish, S L et a), Ncuropsychopharmacol- exponential line bioadeniiig filter was applied, and 7 peaks 

ogy 10:157-170, 1994). However, no study to date has were fit to gaussian lineshapes by automated fitting: phos- 

exammed the neurochemical effects of the most widely 3s phomonoesters (PME), inorganic phosphorus (Pi), phos- 

utthzed intervention for the treatment of opiate abuse, phodiesters (PDE). phoshocreatine (PO). and y, a-, and 

methadone. Methadone has demonstrated efficacy in p-nucleoside phosphates. The total phosphorus signal 

improvmg psychiatric symptoms and overall health in opiate (summation of all peak areas) was statistically equivalent 

abusers(McLellan,ATetal, JAMA 247:1423-1428, 1982; -- • - . ..■> ^ 



ss groups allowing use of the % metabolite measure, the 



BaU, J C et al. The effectiveness of methadone maintenance 40 ratio of the area of each metabolite peak divided by the total 
treatment: Patients, programs, services, and outcome. New phosphorus area, for between-group comparisons (iaunk,W 
York, Spnnger-Veriag, 1991). However, it is unknown et aI,Neurobiol. Aging 15:133-140, 1994). Statistical analy- 
whether these clmical improvements ate related to improved ses were performed using unpaired two-sided t-tests. 
cerebral function. Consequently, the present study was con- 
ducted in heroin-dependent polydrug abusers chronically 45 Results 
treated with methadone, to evaluate indices of cerebral 

biochemistry using phosphorus magnetic resonance spec- The mole percentages ofPME and PDE were signiiicantly 

troscopy (^^PMRS). ^^PMRS allows noninvasive measure- higher and the mole percent PCr was significantly reduced 

ment of brain membrane integrity and bioenergetic status. ""^ population (FIG. 9). When stratified into the 

To cany out this clinical study, heroin-dependent poly- 50 ^^"^ bag-term MM treatment subgroups, different 

drug abusers (9 females and 6 males, aged 40±4 years. P'oaits of cerebral phosphorus metabohte abnormalities 

mean±SD) were recruited from an outpatient methadone emerged. The short-term MM group had elevated % PME, 

maintenance (MM) clinic. Potential subjects with a history P-NTP/PCr ratio, and reduced % PCr, % NTP. 

of alcohol abuse or HIV infection were excluded from the ^'^^'^ contrast, the long-term MM group 

study. This population was subdivided into two groups based 55 differed from the healthy comparison group only in having 

on MM treatment duration; the short-term group (n=7 reduced % PCr levels. This group differed from the short- 

40±24 weeks) and the iong-torm group (□=», 137±53 g™"P ^^'''^^ '^^^'^ * 

weeks). The methadone dose administered to these subjects '^'^^ '^^'^^ 
was in the range of 60-80 mg per day and was statistically 

equivalent in the two MM treatment duration groups. All 60 i>ummary 

medical histories, including random biweekly urine toxicol- The above findings indicated elevated PME and PDE as 

ogy testing throughout the course of methadone mainte- well as decreased PCr levels in heroin-dependent polydrug 

nance therapy, were reviewed in order to determine study abusers. This may reflect membrane dysfunction and oxi- 

population demographics. Positive urine tests for the fol- dative metabolism impairment secondary to perfusion 

lowing substances were found greater than 10% of the time; 6S defects. The metabolite profile is unique compared to find- 

methadone— 98%; benzodiazepines— 39%; opiates— 37%; ings in cocaine abusers in whom only PME and PDE 

cocaine — 18%. Clean urine screens were found 26% of the elevations were noted and in cocaine-dependent polydrug 



abusers ia whom elevated PME and decreased p-NTT levels 
were found. This suggests that polydn^ abuse populations 



with different primary substance abuse patterns may have 
discrete phosphorus metabolite profiles. 

The present data are quite interesting in that they also ^ and microcrystalline cellulose. 



of CDP-choline. Malcbing placebo tablets are also available. 
The excipients contained in both active and placebo tablets 
are talc, magnesiuni stearate, colloidal silicon dioxide, 
hydrogenated castor oil, sodium carboxy-methylcellulose. 



document an apparent normahzation of most cerebral phos- 
phorus metabolites in subjects who have undergone pro- 
longed MM therapy. In tins regard, only PCr levels were 
abnormal in the long-term MM gKMpr, PG and PDE levels 
were significantly higher and lower (more normal) in this 
versus the short-term MM group. This apparent improve- 
ment is consistent with a prior study documenting improved 
cerebral perfusion io short-term abstinence from heroin 
abuse (Rose, J S et al, Psychiatry Research: Nemoimaging 
67:39-47, 1996). What is further encouraging from the 
present data is that metaboh'te improvements were noted in 
subjects with ongoing illicit substance use (opiate positive 
urines nearly 40% of the time). This indicates that absti- 
nence is not required for normalization of certain aspects of 
brain function. Together, the present findings suggest that 
cerebral phosphorus metabolites are useful markers of brain 
health and treatment efficacy in individuals with a polydrog 
abuse history. As also indicated by the above study, certain 
aspects of altered phosphorus metabolism in heroin addicts 



c unique compared to fi 



CDP-choline is a naturally occurring compouid that is 
synthesized from cytidine-5'-triphosphate and phosphocho- 
line with accompanying production of inorganic pyrophos- 
phate in a reversible reaction catalyzed by the enzyme 
0 CTP:phosphocholine cytidylyltransferase (Weiss, Metabo- 
lism and Actions of CDP-choline as an Exogenous Com- 
pound and Administered Exogenously as Citicholine, life 
Sciences 56:637-660, 1995). 

S EXAMPLES 

Administration of Cytidine-Containing and 
Cytosine-Cbntaining Compounds 

Cytidine-containing and cytosine-containing compounds, 
such as CDP-choline, are naturally occurring endogenous 
compounds. CDP-choline itself is synthesized io a sodium 
salt form for clinical use (see FIG. 10). One clinical dosage 
form for oral administration is a 500 mg oblong tablet. Each 
tablet contains 522.5 mg of CDP-choline sodium, equivalent 



aspects of this altered metabolism, such as membrane dys- 
function and oxidative metabolism impairment secondary to 
perfusion defects, are common to both drug abusers and may 
therefore be treatable with cytosine-containing or cytidine- 
containing compounds, such as CDP-choline. 

EXAMPLE 4 



cocaine abuseis. Other 25 (q 5Q0 CDP-choline. For easier administration, such 



The human trials described herein made exclusive use of 
the cytidine-containing compound, CDP-choline, also 
known as citicoline, received from Intemeuron Pharmaceu- 
ticals Inc. Nonetheless, because the cytidine moiety of this 
compound is responsible for the beneficial effects observed 
in these trials, any of a variety of cytidine-containing or 
cytosine-containing compounds are suitable for the treat- 
ment of the afflictions described herein. Examples of useful 
cytidine-containing or cytosine-containing compounds may 
include any compound comprising one of the following: 
cytosine, cytidine, CMP, CDP, CTP, dCMP, dCDP, and 
dCTP. Preferred cytidine-containing compounds include 
CDP-choline and cytidine S'-diphosphocholine [sodium 
salt]. The above list of cytidine-containing and cytosine- 
containing compounds is provided to illustrate, rather than 50 
to limit the invention, and the compounds described above 
are commercially available, for example, from Sigma 
Chemical Company (St. Louis, Mo.). The molecular struc- 
ture of CDP-choline [sodium salt] is provided in FIG. 10. 

As noted above, one particular source of CDP-chohne is 
Interneuron Pharmaceutical, Inc. The compound obtained 
from this source has the following characteristics: 

Chemical Formula: C^^H^Nfi^jP^i 

Molecular Weight: 510.31 

Physical and Chemical Characteristics: completely 
soluble in water as a 10% solution; practically insoluble 
in 100% elhanol. 

The pH in water is between 6.5-7.5. 



tablets may be cut into smaller pieces or crushed. Preferably, 
cytosine-containing and cytidine-containing compounds, 
such as CDP-choline, are administered at a dosage of at least 
500 mg twice daily by oral administration. 

Orally administered CDP-choline is bioavailable, with 
more than 99% of CDP-choline and/or its meUbolites 
absorbed and less than 1% excreted in feces. CDP-choline, 
administered either orally or intravenously, is rapidly con- 
verted into the two major circulating metabolites, choline 
and cytidine. Major excretion routes arc lung (12.9%) and 
uriue (2.4%); the rest of the dose (83.9%) is apparently 
metabolized and retained in tissues. 

Other formulations for treatment or prevention of the 
conditions described herein, may take the form of a 
cytosme-containing or cytidine-coataining compound, such 
as CDP-choline, combined with a phannaceutically- 
acceptable diluent, carrier, stabilizer, or excipient. Conven- 
tional pharmaceutical practice is employed to provide suit- 
able formulations or compositioas to administer such 
compositions to patients. Oral administration is preferred, 
but any other appropriate route of administration may be 
employed, for example, parenteral, intravenous, 
subcutaneous, intramuscular, intracranial, intraorbital 
ophthalmic, intraventricular, intracapsular, intraspinal, 
intracistemal, intraperitoneal, intranasal, or aerosol admin- 
istration. Therapeutic formulations may be in the form of 
liquid solutions or suspensions (as, for example, for intra- 
venous administration); for oral administration, formula- 
tions may be in the fonn of liquids, tablets, or capsules; and 
for intranasal formulations, in the form of powders, nasal 
drops, or aerosols. 

Methods well known in the art for making formulations 
are described, for example, in "Remington's Pharmaceutical 
Sciences," Mack Publishing Company, Easlon, Pa. Formu- 
lations for parenteral administration may, for example, con- 
tain excipients, sterile water, or saline, polyaUcylene glycols 
such as polyethylene glycol, oils of vegetable origin, or 
hydrogenated napthalenes. 

An available clinical dosage form of CDP-choline for oral 65 If desired, slow release or extended release delivery 
administration is a 500 mg oblong tablet. Each tablet con- systems may be utilized. Biocompatible, biodegradable lac- 
tains 522.5 mg CDP-choline sodium, equivalent to 500 mg tide polymer, lactide/glycolide copolymer, or 
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polyoxyethylene-polyoxypropyleac copolymers may be Other embodiments are within the claims. 



used to control the release of the compounds. Other poten- 
tially useful parenteral delivery systems include ethylei 
vinyl acetate copolymer particles, osmotic pumps, implant- 
able infusion systems, and liposomes. Formulations 
inhalation may contain excipienb, for example, lactose. 



What is claimed is: 

1. A method of preventing or ameliorating a stimulant- 
induced disorder in a subject exposed to a stimulant, said 
'' method comprising administering to said subject a 
' therapeutically-effective amount of a cytidine-contaimng 
may be aqueous solutions contammg, for example, ctanpound. cytosinc-contaimng compound, or a combina- 
polyoxycthylcne-9-lauryl ether, glycocholate and (ion thereof. 

g 2. The method of claim 1 wherein an active ingredient in 
said cytidine-coDtaimng compound comprises CMP, CDP, 
In general, cytosine-containing or cytidine-containing CTP. dCMP, dCDP, dCTP, or a combination thereof, 
compounds, such as CDP-choline, are administered at a 3. The method of claim 1, wherein said stimulant is 
dosage appropriate to the efiEect to be achieved and are cocaine. 

typically administered in unit dosage form. As noted above, is The method of claim 1, wherein said subject is human, 
the preferred route of administration for most indications is ' ' -l-j • ■■ • , . 

An effective quantity of a cytidine-containing or cytosine- therapeuHcally-effective' amount of a' cytosine-containing 

contaimng compound ,s employed to treat the conditions compound, cytidin«^contaiiiing compound, o, a combination 

descnbed herein, rhe exact dosage of the compound may be ^" thereof e i- . 

dependent, for example upon the age and weight of the x^e method of claim 5, wherein said cerebral vaso- 

recipient. the route of admm,strat.on and the seventy and ^onslriction sequelae comprises cerebral ischemia, a 

nature of the symplo,^ to be treated. In general, the dosage neuropathology, a neurological deficit, altered brain 

selected should be sufScient to prevent, ameliorate, or treat .uemislty, a reduced level of task mastering, cognitive 

•« ""t,"'."""^ T^'^m' T^^' impairment, a behavioral change, a vegetative Jpous^, 

producmg significant toxic or undesirable side effects. deterioration, altered conditioned avoidance or audi- 

In the case of CDP-choline, there have been no reported tory response parameter, motor activity impaiimeut, or a 

cases of overdoses. CDP-choline toxicity is largely self- combination thereof. 

limiliag, ingestion of large amounts in preclinical studies 30 7- The method of claim 5, wherein said cerebral vaso- 

shows common cholinergic symptoms (salivation, constriction sequelae is diaracterized by symptoms resulting 

lacrimation, urination, defecation, and vomiting). from an altered concentration or activity of a 
phosphomonoester, phosphodiester, phosphocreatine, nocle- 

Othei Embodiments triphosphate, inorganic phosphorus, Pcr/Pi ratio, 

35 p-NTP/PCr ratio, cerebral phosphorus metabolite, phospho- 

Preferably, cytidine-containing and cytosine-containing lipid precursor, cellular or organelle phospholipid synthesis, 

compounds as described herein are used for the treatment of membrane synthesis, tyrosine hydroxylase activity, dopam- 

human patients, but may also be used to Ueat any other ™^ °^ dopamine metabohsm, bioeneigetic function, fatly 

mammal, for example, any pet or domesticated livestock. ^'^^'^ release, neutral acid, phosphatidylcholine or glyccro- 

Any cognitive or behavioral problems associated with the « phospholipid degradation, glucose, pyruvate, acetylcholine, 

types of altered brain chemistry described herein may be norepinephrine, vasodilation, synaptosomal 

improved with cytidine-contaimng or cytosine-containing phosphorylation, mitochondrial ATPase or Na*—K+ArPase 

compounds, such as CDP-choline. sensitivity, phospholipase A2 activation, EEG parameter, 

, , ,. . cardiovascular or respiratory parameter, or a combination 

Inaodition,normalbrainchemistry may also be enhanced thereof 

by the administration of cytidine-containing or cytosine- g. jhe method of claim 5. wherein said mammal is a 

contaimng compounds, with improvements in cognitive human 

performance being the rcsuh. 9 The method of claim 8, wherein said human is a 

For any of these additional uses, the cytidine-containing pregnant woman or a child with antenatal exposure to a 

or cytosine-containing compound is administered by the 5C s'iniulant. 

genera] methods described herein. 1"- The method of claim 8, wherein said human has a 

.„.,.. . stunulant craving. 

Anpublications and patent appUcaUons mentioned in this u. The method of claim 8, wherein said human has a 

specification are herem mcorporated by reference to the stimulant dependency. 

same extent as if each independent publication or patent n. The method of claim of claim 5, wherein said cerebral 

applKation wasspeafically and mdividually indicated to be vasoconstriction results from exposure to a substance that 

mcorporated by reference. ^^^^ cerebral v: ' 



While the invention has been described in connection The method of claim 12, wherein said substance is 

with specific embodiments thereof, it will be understood that cocaine. 

it is capable of further modifications and this apphcation is 60 'P'^ method of claim 5, wherein said cytidine- 

intended to cover any variations, uses, or adaptations of the containing compound further comprises choline. 

invention following, in general, the principles of the inven- The method of claim 14, wherein said cytidine- 

tion and including such departures &om the present disclo- contaiaing compound is CDP-choline. 

sure come within known or customary practice within the art The method of claim 5. wherein said cytidine- 

to which the invention pertains and may be applied to the 65 containing compound is CDP. 

essential features hereinbefore set forth, and follows in the 

scope of the appended claims. ***** 
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Involvement of adenosine receptor in sleep promotion 
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Abstract 

We examlnea ihe slecp-modiilaiory eSecK of four adenosine asoniats. namely, (1) 2-^4.(2.cMboxyethyl)pbenylethylammo5adeno3me- 
S'-W-ethylcacljoxaimdeadeDosiae (CG321680), a highly ssleciive adeno-siae Aj^ receptor agonist; C2) 2-('1-C2-C2-amiiioeH)yiairmio- 
carbonypetoltehenylethylari3ano)-5'-7*^etbylcarboxmidoa^ (AtEC), a selective adesjosine Aj/^' receptor' asomst'; (3) 5'-?/-ctl»yl- 

carboxamdottdenosins (NECO, a nonseleciive adenosine A, /A j tsceptor agonist, ana (4) JV'-cyclopenCyladenDsiiiB {CPA3. a selective 
adenasine A i isoeptor agonisL Each agonist W2j adnjinistered in the snbajaohnoid cpaca undsrlying the rostral hiasii fuiebrain of IBtS 
thunJEh chronically JjD^pjantei] caanulae at the fate of 0.02, 0.2, 2.0, 13.0, or 20.0 praol/min over a 6-h. period stsninB firom 2300 h, 
ivhicb period is the active phase of the Rnimnls. CGS216B0, APEC, nnd NEC.'H produced significant incieases In the total amounts Ot 
Don-rapld-eye-movemEnt ^NBEM) sleep and rapid-eye-inovemeac CREM) sleep afir at least mie dose witSun the range at adnjinistretioii 
rates. CPA did not produce any siEnificimt increaac in the total amumii af ciihsr rype of sleep at any Of tte above admUusttaaon rales, but 
instead suppressed REM sleep at the administiaiian rsies of 12.0 and 20.0 pmol/njin. Theoe leeulca indicate that die activiijics of 
EdcQoaino Ajj^ receptors are cnicially Invol-ved In the piomonon of sleep. © 1995 Elsevier Science B.V. All rifihts reserved. 

Keymofdi: Admoairtc A receptor, NoD-iapid-ejo-niavcnieDt CNREhl) Sleep; Rapld-eye-movemcnt (KBivO. Sleep; Bitiin tejnpcistire; (Rat) 
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1. Introduction . 

A series of papers ftom this and other laboratories 
during the past J5 yi showed prosiaglaodin Dj to induce 
physiological slefep in mice, rats, monkeys, and -probably in 
humans CHayaisfu, 19S7). The site of action of prosfa- 
glanilin Dj for the promotion of sleep was located on the 
vMiiml surface the roatral basal forebnijn in rata, and 
adjuinistratioti of prostaglandin in any other pan of die 
brain was hardiy effecHve (Matsumuia et al.. 1994). More 
icocntly, wc fon!od diat CGS21680, a solccSve adtniosinc 
receptor agDiiist, alio promoted sleep when it was 
infused into or iiear tbe prostaglandin Di-sensiuve zone, 
namely, the subarachnoid space underlying the rostra] 
basal frarsbrain. jThe sleep profile induead by CGS11680 
was clearly diffprem from tbai induced by W*-cyclohe- 
xyladenosine (CHA), a selective adenosine Aj receptor 
agoaist. Thft slecp-promotiiig effect of tfie former was 

CoirsSpondiDaniiiW.Tel.: * gl-6-873-4«Sli fas; J-B1.6.i72^18. 
' PrcKSLi address i Deparanem or Neuropsychlany, OsaJcs Medical 
CoSeee, TakaisokC Osaka S69. Japan. 
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PIl 3O0W-2999(53)009O2-I 



attenualed by pretreatment with (£)-l,3-dlpropyl-7- 
TDet}iyl-8-0.4-diinedioxystyiyDxanthiae CKF17S373. a se- 
lective adenosine A^ receptor antagonist. In the lighx of 
theee resulfs, wa KUggested thai ihs activation of adenosine 
AjA receptors was involved in tlie promotion of sleep 
(satoh et al., 1996). 

Sevtsral lines trf cTtpcrimcntal evidence indicate that 
adenosine is involved in the ragulaiion of sle^p— wate 
phenomena (fiaulica et al., 1973; Radulovacki et al.. 1583a: 
Rainnc ct al., 1994; Poitas et al., 1997). To date, the 
receptors for adenosine have been phaimacologieany and 
siniotuiaily classified into A,. Asa. Ajb. atid Aj Cre- 
vicwcd by Frcdhohn ct al., 1994). A role for tine adenosine 
A I reoepior io the promotion of aleftp has been proposed, 
based on die findings that the intraperitoneal irijection of 
approximately 0,3-9 /U,mol/]cg of N^-ii.- 
phenyllsopropyOadenosine 0„-PIA), CHA, or CPA, all se- 
lective adenosine A, receptor agonists, and the direct 
administration of approximately 0.3-30 nraol of CPA into 
the; lattaral -vraatiicli;, promoted deep slow wave sleep JB rats 
(RadulovBoki et al,, 1932, 1983b; Ticho and Radulovacki, 
1991; Beninston et al., 1995; Schwierin et ad.. 1996). On 
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iho other hand, the mtxapEjitoncal injccrion of selective 
adenosine A^^ receptor agomsts, such as CGS2I680 (5.6- 
360 nmol/kg) and 2-hexyiiyl-5'-/\?-ethylcarboxaimde- 
adenosine (2HE-NECA; 77-770 nmol/kg) did not pro- 
mote sleep in rata (Monti et ol., 1995; BcnoicUi ci sJ., 

1996), ; 

In order :o. further clarify the involvement of adenosine 
reoeprorslin sleep promotioru we compared the sleep- 
modulatory potencies of four adenosine agonists that have 
differeni spectra of afflnity and selectivity for the adeno- 
sine receptor bubiypcs. Wc now confirmed Eiud extended 
results of Dm-|prsviouB study on the effect of CGS21680. 
We also examined the effects of three other adenosiae 
agonists, uamily, APEC, NECA, and CPA. The Ki (nlvD 
values of these agonists for adenosine A], A 2^1 and A3 
receptors and the EC^j, CnM) values of these agonists for 
the adenosine ^A^a receptor are listed in Tahle 1 (Hide ct 
Bl., 1991; Rivlcees and %ppon, 1992; Kiio ot d„ 1994; 
Daly and Jacobson, 1995). CGS21680 is a highly selective 
adenosine AjJ receptor agonist, whereas APEC is also a 
selective adci^ssino A^, receptor agoaist, but Wllh'less 
selectivity for this receptor subtype thou CGS21680. NECA 
Is a nonselective adenosine Aj/A, receptor agonist. In 
contrast, CPA is a selective adenosine A, receptor agonist 
All these compounds are water soluble, which piopcny is 
essential for oiir sleep research fhat involves a continuous 
infusion method, since a solvent like dimethyl sulfoxide 
(DMSO) itsslf ' often changes the sleep-watc partom (^Br» 
£oaa] observation). 

■ As the sleep-promoting effect of CGS21680 was ini- 
tially found in a nocturnal cxporimoni (Satoh ec al,, 1996), 
We also exanxined the sleep-modulatory effect of 
CGS21680 by administering it over a 6-h period during the 
n;si phase of the animal. I.e., the counter-period of the 
nocturnal exiperim^ntal period, to determine whether the 
effect of the compound is influenced by the timing of its 



The results pi the present study together with those of 
our previous study clearly indicate that flie adenosine A2A 
receptor is mvolved in sleep promotion. This efTeci of 
adeaiDsinc A 2^ receptor agonist is observed during the 
night but not during die day. 
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•TakeD fcom Kim it al. (1994), 
''Token from Rivkeca Roppcrt (1992), 
■Taken from Hide let al, (1991)- 
"TkJam «rom Jncobsou n aL (1993). 



2. Materials and methods 
Animals 

Adult male rais of the Sprague— Dav/ley strain, weigh- 
ing 300-350 g, were supplied from Japan SLC (n 162). 
They were maintained for 7-10 days hefcnre the surgical 
operation under constant environmental conditions of zxm- 
trolled relative htimldiiy (60 ± 5%) and room tempcraturB 
(25 ± 0.5°C) on a 12-h light/ 12-h dark schedule (lights on 
at 0800 h), which ware die same environtncntjd conditions 
as those cjf the experimental ohambers. Tbey were permit- 
ted free access to fbod and wafer. 

2.2. Surgery 

Under deep pentobarbital anesthesia (50 mg/kg body 
weight, 3.p.X each tai underwent a. surgical apprarion for 
the implantation of dcjctTodES to record the Ejectroeo- 
cephalogram (EEG) end electrcnayogram (BMXi) and of a 
thermistox probe to monitcir biain tnmpexature. In somo 
cases, hnplantations of electrodes to record the electroocu- 
logram (BOG) were pcifonnod in addition. For delivery of 
agonists, paired stainless-steel caimulac vuer© ineened ac- 
cording to the stereotaxic coordinates from the brain atlas 
of Pajtinos and Watson (1986): AP+ 1.5 mm, ML-h 1.7 
■am, D — 8.3 mm from the brain surface vyith an angle of 
10° towards the midline from the parasagittal plane. Thus, 
the dps of the cannulae were situated jn the suhaiatauioid 
space xtnderlying the rostral basal forebrain. 

2.3. E^^erimefttal protocol 

The protocol adopted in diis smdy was essentially the 
same as that described before (Maisumura ct ,al-, 1994; 
Saioh et al, 1996); After a period of 7-10, days for 
rcoovciy frcmi suigeiy, the rats were set inside the experi- 
mental chamber, the interior of which was maintained 
under itia sanoe conditions as described above. Cononnous 
Snfasicm of saline Through the infusion camwlae was con> 
menced, and this infnsica lasted until the end of the 
experimental session except for the period when the test 
compound was inftised. The infusion speed of vehicle and 
test solurion was set at 0.2 fil/jnin. After a period of 4 
days for acclimation to the exparimencel miheu, continu- 
ous recordings of EEG, EMG and biain temperarure were 
started at 2000 or- 0800 h. In some cases, conthiuous 
recordings of EOC were also additionally performed.. The 
subsequent two 24-h periods were designated as baseline 
day and experimental day, respecflveiy. Eacdi lat ret^ived 
only one experimental infusion according to thc'following 
protocc^ls: 

CGS21680. APEC. NECA and CPA were each dis- 
solved in saline to mate O.03, 0.3, 3.0, 30 and 30 W.M 
solutions. The bilateral infiision of each test solution rc- 
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suited in the total adminisiradDn raie atOXa, 0.2, 2.0, 12.0 
and 20,0 praoi/roin, respectively. The baseline day was 
started at 2000 h. The contmttous infusioo of saline was 
repMced by thai of a particular test soluaon from 2300 h to 
0500 h on ths experlnjental day. For the diurnal infusioo 
csisperimams, CGS21S80 was dissolvEd in llie saline solu- 
• don to make 0.5, 5,0 and 30 juM solutions fcorreaponding 
10 0.2, 2,0, and 12.0 pmol/min. resgpectively, for the total 
rate of the bilater«a infUslon). TUe ttaseline day was started 
at 0800 b. The: contmuoos infueion of aaline vras ceplaccd 
by that ot ths ^QS2I6S0 solution between llOO and 1700 
h on the exporiinGntal day. 

After Th& end of each experimental session, 2% methy- 
lene blue solutipn was continuously adroinistered for 3 b fa; 
the infusion raic of 0.2 n^/wan. Then, the rats were 
deeply anesthetized with pentobarbital sodium and per- 
fused iranscard;aUy with salina solution, followed by 0.1 
M phosphate bnHer/4% paraformaldehyde. The location 
of cannula tipi was idcncified ftom bins spois on the 
vential BurSaceiof rostral basal fotcfatain, In some cases, 
the brains were pOstfixed aud then trtuufetred'to O.'l M 
phosphate bufrer/20^6 sucrose until equilibration. The 
brains wete cut coronaUy at a thickness ui SO fiM with a 
freezing microtome. The location of cannula tips was alao 
ideaiUled fam The cannula traces within the section. 

2.4. Anafytical procedure 

. The recordings of EBG and EMG flrom each animal 
were scored as; non-rapid-eye-nnovement (NREM) sleep, 
r^d-eye-movement (RBM) sleep, or wakefnlaess by vi- 
sual Impeccion 'accordins to ctiieria described earli^ 
(Matsunnira et dl., 1994). Thus, light slow wave sleep and 
deep slow wave sleep were combined end treated as 
NREM sleep. An episode of vigilance state lasting less 
than 15 s was i^oz -treated as an independent episode bnt 
was includad in the preceding episode. The values ob- 
tained from experimental adininistration were compared 
with conespondhag values from the baseline recordings 
(control), and statistical analysis was done with a paired 
r-test The changes in sleep periods induced by different 
doses of a given adeaosine receptor s^onist, were com- 
pared by means pf one-way analysis of variance (One-way 
ANOVA). P values collected for multiple compar- 
isons according j to Scheffe's F post-hoc procedure. To 
compare cbe changes in sleep periods Inducsd by 
CGS21680 with those Laduced by the other adenosine 
receptor agonists at the respective infusion rates, wa used 
an One-way ANpYA. P values were corrected according 
to Qbnnett'a poet-hoc procedure for comparing a control to 
all other means. P < COS was considered significant. 

2.5. Chemicalt ■ 

Agonists 2.:C4-C2-carboxyetIiyDphenylethylamjnQ)- 
adcnosine-S'-i^thylcarboxsjiiideadenosine (CGS21680>, 



157 

S'-ZZ-eihylcarboxaraidDadcnosine (NBCA), and /Y*-cyclo- 
^entyladanosine (CPA) were purohased from Rjcscaich 

Biochemicals CNatjck, MA). Th& agonist, 2-(4.(2-(2- 
nmiiioc!hylaminocaiboayl)etiiyi)plienyle[byiainmo)-5'-iV- 
othylcarboxfljnidoadenosinc (aPEC), was provided by Re- 
search Biochemicals International as part of the Chemical 
Syniljesis Program of the National Institute |of Mental 
HetdtlL. (Contract N01MH3O03) 



3. Restilts 

3.]. Dose-response studies 

The means and standard error values for the total 
amounts of MREM sleep and REM aleap that occuncd 
during tfie 6-h control periods (open circles and black bars) 
and axperimental periods (closed circles and Wads: bars) 
are summarized in Hg. 1 for the four adenosine receptor 
agonists given at different infusion lUtes, During 'the 6-h 
control period, the ms of each group showed nearly 
idenficaJ periods of deep, about 100 mm for NjREM sleep 
and about 15 min for REM sleep. 

Firstly, we evaluated the chtoges in sleep that occuned 
at different infusion rates of on adenosine receptor agonlSL 
ANOVA revealed a significant varianca in NliEM sleep 
(00521680; K4,34) = 23.69, /'<0.01; APEC; FCd,7S) 
= 19.51, P<0.01; NECA; F(3,24) = 4.63, /■ < 0.05; 
CPA: K4,29) = 3.24, /> < 0-05) and in KBM sleep 
(CGS21680: F(4,34) = 5,10, P< 0,01;, APEC: K4,25) = 
12.11, P<: 0.01; NBCA: f (3,24) = 9,73, i'<0.01: CPA: 
i?(4.29) = 3.EI9, e'<O.0Si). 

CCjS21680 and APEC, selective adenosine recep- 
tor agonists, showed dose-dependent increases in NREM 
gIebp within the dose range of 0.02-2.0 pmol/min. The 
increases in ISTREM sleep thai occurred at infusion rate 
of 2.0 praol/mln ftom the respective b4seline values were 
97.5 ± 4 A min (a 99,5 ± 6.9% mereasc;! paired r-tost, P < 
0.001) for CGS216gO and 116.-1 ±8.8 min (a 121.8 ± • 
14.3% increase; paired r-test. P < O.OOl) for APEC, 
amounts which were significantly larger than those 
recorded ai the infusion zaie of 0.2 pmol/min (Scheffe's 
r, f <0.01). The NREM sleep-ptomoting effect of 
COS2I680 reached its plateau at ote adininistration rate of 
2,0 pmol/mm and wae not fimher modified at the rate of 
12.0 Of 20.0 pmol/min. The NREM eleep-promoti»g ef- 
fect of aFEC was attenuated in a dose-dependent maiiner 
above 2.0 pmol/min, and this attenuation reached statistl- 
ca) sisnificance at the infusion rate of 20.0 pmol/min 
(Scheffe's F, P<O.0l). 

NECA, a nonselective Aj/A^ adenosine receptor ago- 
nist, also produced an increasing tendency to NREM sleep 
Within the dose range of 0.02-2.0 pmol/min. "Hie tocrease 
un NREM sleep firom die baseline value at the infusion rate 
of 2.0 pmol/nrin was 67.1 ± 16.3 min (a 74.5 ± 17.9% 
increase; paired t-tast, P < 0,001); however, lUs amount 
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Hg. 1. EHbcw of aienosiiie nsonlsts on sleep. 00321680. APEC, NECA, aDO CPA were sepataicly and cOBUnUoUsly in&Sed inw ihi 
underlying ihe rosoal basal ftwebrain o-ver a fi-h period imcia ths active phase of rats, at ndBanUhatioa ratsE of 0.02, 0.1, 12.0 
Th» coial amountn (fnwa ± SX Ji) of NHEM sloop nod REM slw^ during the coniro] psrtod (opi3) circles Suifl black bars) oilDc 
(closed ciides and black bars) al the rispccdve adcDimstiaQoa rates ore shown, n - 5-11 par =ach group: »,/»<: O.OS. 0.01. ■ 
vs. cootfcJ by paired r*UBC The cbasgfiti In lilccp induced by (m adbnoalno ngpmsi gjvea Rt diffccCTt sB^jba ia?M were coiz^aTcd WlUl sacll Olbsr. 
esBnificaoce of dlftacnees was OcwmUDed by one-way onaiysla or vanawe (Ooe-way WOVA) followed by Sdieffe'.i f-tes:, Bars WiTh anowbeaib on 
both sides SboW &i significance of dltfeieDCes i*. P < 0.05. P < HOl) EienuiScn the dusgu in sleep at dw iniwioD lAIcB IndicaiwL lliB ohangM in 
sleep indvcsd by CGS216BD St the vatiDii! InltisSon me; we comDared With dioac induced by AFEC. NECA, and CPA ai Che respeedve jatcs. 
les— (s) ? < O.0S: (b) P < 0.01— WM deienained by One-way ANQVA fbUojS'ed by Dum.=ii'» i«t, 

was significantly grearar than increases at the infiiskm 
rates of 0.02, 2.0 '(Scheffe's F, P<0.05). and 12.0 
pmol/min (Scheffe'3 F, P<0.01). 

In contrast to these agonisis, CPA, b selectiwe Bdenosine 
A, receptor agoirisi, caused negligible obanses In the 
amount of NREM steep or REM sleep within ihc dose 
range of 0,02-2.0 pmol/mia. Puither incieases in dosage 
did not produce a consistent response in NKEM sleep, but 
(Kd cause & significBiii decrosse in REM sleep fiiom The 
baseline values (psiied ^test, P < 0.05). 

Secondly, we compared the changes u sle^ induced by 
the four adeaosine ^onJsis ai the respective Ijrftislon rares. 
AMOVA revealed a significani variance in NREM sleep 
(0.2 pmol/min: 1^(3,23) = 7,34, P < 0.01; 2.0 pmol/min: 
K3,3 1)^17.67, F<O.Or, 12.0 pmol/rmn: J?C3.23) = 
5.30, P<'0.01i 20.0 pmDl/mro: F(2,15) = 15.41, P< 
0.01) and in REM eleep (0.2 pmol/nnn: K3,23) - 3.69, 
r<0.05 pmol/min: 2.0 pmol/min: K3.313= 11.52. P 
< O.Ol; 12.0 pmol/min: K3,23) = 12.52, P < 0,01; 20.0 
pmol/min: F(2,15) ^ 3.87, P < 0.05). 

The chanBes in ^?REM sleep induced, by CGS21S80 
were significajifly diCTerent from ihose induced by. CPA at 
Uie iflfiiaion Katca of 0.2, 2.0, 12.0 and 2O.0 pmol/min 



was not significantly different from fltiai fornid at the 
isfhsion rare on 0.2 pmol/min (Schcffc's f = 0-745). 
At the infiisiod raw of 12.0 pmol/min, NECA produced 
unusnal synchriJnization of the EEG. NREM sleep episodes 
with a daratiail longer than 600 s often appeared in the 
latter half of tht! adiminititrafion period^ whereas the normal 
duration of an NREM sleep episode of a rat was wiihia 
450 s under our expeiimemal conditions (data not shown), 

As fat RB&i sleep, CC3S316S0 and APEC showed a 
bell-shaped, doie-response reladonship. Ibe most effec 
tive dosage for .the respective agonists and the increase in 
response to it were as follows: 2.0 pmol/min, 26.3 ±1.4 
min (a 305 ± 77.0% increase; paired f-iest, P < 0.00 1) for 
CGS21680; O.2I pmol/min, 21.3 ±3.3 min for APEC (a 
177.3 ± 32.8% inta^asc; paired t-iest, F < O.OOl). These 
incraa*'e6 were significandy larger liisij those found at the 
infusion raie of Q-02 (Scheffe's F:P< 0.01 for CGS216E0, 
if=<0.05 for APEC) and 20.0 pmoJ/iniB (Scheff&'s F; 
P < 0.01 for CGS21S80 and APEC). 

NECA also showed this bell-shaped, dose-response 
relationship. The greatest tocrease appeared at tlie infusion 
rate of 0.2'prooJ/roi°' '^^'^^ 22.5 ±.3.1 min (a 206.7 
± 40.1% increase; paired west, P < 0.001). This i 
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(Punncn two-iallejl, F < 0.01), and the changes induced 
by the forrner were alao significanfly different ftom tha: 
induced by APEC at die inJusion rate of 20.0 pmol/min 
(Dunncut nvo-ialled, P < 0.05). Tbe changes in REM sleep 
induced by CGS21680 were significaiiTly diffexeni ftom 
those caused by CPA at iha infusion ratGa of 0.2, 2.0, 12.0 
and 20.0 pmol/mln (Dunnett. iwo-tailed, P < 0.01 for 0.2, 
2.0, 12-0 pmol/min, ;" <-0,05- for 20.0- pmol/min), ana 
from those caused by NECA at the infu3ion rate of 2.0 and 
12.0 pmol/min (Duraoeit two-tailed, J»<0.Ol). At the 
infusion rate rif 12.0 pmol/min, a signlflcant differencs 
was also se&n: in the chengea between CCS21680 and 
APEC CDunneljt two-iailed, P < O.Ol). 

3.2. Profiles of .the changes in sleep and brain temperamre 
induced by tha^adBnosina agomm 

Tlw 24-h pipfilBs of sleep and of brain temperature at 
the adbiinistratjon rats of 2.0 pmol/mio of the adenosine 
agonists are shown in Fig. 2A and B, respectively. Ac thia 
administradon |Tai&, CGS216SD produced inci^ses in 
NREMsleep arid REM alesp, both with a maximal magni- 
tade. ' 

COS21680 aid APEC produced the increases in NREM 
Bleep from the fii^it hour of their admlnisnaiion, and 
increasee in REM sleep from the second or third hour. 
Tbese increases in KS£M sleep and R£M sleep lasted 
thiaoghouttbe adminisnatioa period. In the case of NECA, 



a lag period of 2 h preceded the bsgiffliing of tlie increase 
in NRSM sleep, and the inciease in REM slesp occuned 
Sluiing the last 2 h oTihe administiation penod. Li contxast, 
CPA appeared to cause a biphasic rtssponsc composed of 
an initial decreasa.and a subsequont incrceas in the profile 
of NkhwI sleep, whereas it caused solely an increase in 
REM slesp during the last 2 h of the administration period. 
A further inciease in the -dose of CPA also produced a 
biphasic response in NREM sleep, but a continuous de- 
crease in REM sleep from the first hour of its administra- 
tion (data not shown). ' 

CGS2I680 and APEC caused a gradual de«reBse.of &e 
profile of brain lemperaioie from theE second hour of die 
adniinisiratxon period, which decrease lasted duiing die 
remainder of the infusion period. NECA aleo cauaed a 
drop in temperature but only afteir a lag petiod of 4 h. CPA 
caused only marginal changes in the bratn temperature 
except for the fifth hour of the edminiatiation period, at 
Which time the temperature decreased slightly. " 

i.i. Effect' cf diuimal trecmneni with CGS21680 an sleep 

Diurnal infusion of CGS2168C also caused a dose-de- 
pendent increasing tendency in NKEM Sleep, but a dose- 
dependent decreasing tendency in REM sleep (Hg. 3). At 
the infusion rate o( Q2, 2.0 and 12.0 pmol/mio, die 
increases in NRBM sleep from itaetr respectivB basdine 
values laeta 6.7 ± 8.1 min (paired «-tsst, n,e,), 15.4 ±5.4 
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Fig. 3. Elltei ol diurnal aaminiECtalion orCGS21(S80 on sleep. COS21650 
was conrinDoudy linfused Into tha snbaradmoid ipacc unJcrlying the 
toexiCl bajal fbrcttain DilatenOly a; tho roial infusion mic of O.i, 2.0. or 
\1 piDOl/min overia 6-li period (1 100 h-l7(X) tO durinir die rest period of 
the ret, H» total amountfi (meiind:S£-Ml) o! KREM 8T«p ond KEM 
sleep ttnnng tlie B-ii eontrol (opw circles bl&cK bnrs) and expetimen- 
Ul (closed circles md black boxs) pmiodl nra =k!j«.-3. n = 7-13 por csacbi 
group: " . f < 0.05. **, P< O.Ol, vs. control by polled r-teEL 

miu (paired r-ist, P < 0.05), and 33.2 + 5.7 min (paiied 
r-iesi, /•<0.01), respecdvely; wjieieas the decreases in 
REM Bleep WW* 4.2 ± 2.5 roin (paired Meet, n.a,), 9.S ± 
2.7-imn (paired! J-iiesi. P < O.OI) and 15.1 ± 6.3 min (paired 
I'^BSi, P<0.0^, lespecilvely. ANOYA leverQed a slgnlQ- 
oaoi variance among the chansM in NREM sleep (.F(2,l6) 
= 3.63, ^ < 0.05), but not ia REM skcp (P'C2,16) = 1.21, 
P = 0.32). However, no significant dlfiterence was found 
between any pairs of die changes ia NREM sleep &s 
evaluated in Sdieffe's i^'-tesi. 



Ihe data ftpni 



adininister^ 
the night, i. 
with oui pn 
hypothesis that 
Involved in the 



QjB present study, demonsnaiing that 
receptor agonists promoted sleep when 
dSfsctly into the rostral basal forebrain duiing 
Bie active phase of the rats, are consistent 
as findings. These data furltcr support our 
the acnvity of adenosine receptors is 
promotitni of sleep. 



4.2. Adminisfration of adenosina agonists to ventral and 
rostral part af hrehrain 

The differenpcs between the marlced increases in NREM 
steep and R£M sleep induced by CGS2i680, and the 



negligible changes in sleep induced by CPA clearly indi- 
cate diat acdvafion of adenonne receptorf is involved 
in flie promotion of sleep. In adffitioii, flie increases In 
NREM sleep and REM sleep induced by APEC and 
NECA at tbe relatively low doeageS appeared to be due to 
the activity of adenosine Aj^ receptors. Auenuation of 
slccp-promodng potency at relatively higli dosages of 
-- APECr as well as the lag period before the atait-of- the 
increases in sle^ and unusnal panem 'of EEG 'during the 
treatment with NECA, might be explained by the addi- 
tional Bctivacion of adenosine A, and Aj recssptdrs. The 
activation of adenosine recepwrs in pacticuliv may 
bave produced Initially a suboactiDg ^Ind. subsequently, aa 
additive effect on the AjA^-nicdiaiBd incrcucs in N^BBM 
sleep, sinee CPA, an adenosine A, receptor agonist, pro- 
duced a biphasic response composed of an initial decrease 
and a subsequent increase in WWL sleep wheal It was 
admitustered in the subacacimoid space of the rosirol baaal 
forebrain in this study. Aotivacion of adenosine'^A, recep- 
tors might suppress sleep, because ii was reported that 
histamine, which promotes wakefulness, is released from 
mast cells in responfie to the adnuoistration of 2-chloro- 
iV^-(3-iodabeiizyl")adenosin6-5'-^f-methylcatboxamidfi (2- 
Cl-IB-MECA), a selective adenosine A3 receptor agonist 
(Van SoHaick ei aL. 1996). 

Eecenfly. it was reported that 8-(3-chlDrostyryDcaffeine 
(CSC) and 7-<2-phBnylethyl)-3-ainino-2-(2-faryl)-pyr- 
azolo-[4,3-c]-l,2,4,-tria3olo-[l,S-c]-pytimidioie 
(SCHS226I), both selective adenosine receptor ancag- 

oHlsts, increase locomoUon activity and, thus, wakefulness 
(Bcrtorelli ct al., 1996; Jacobson ct al., 1993). The.se 
reports suggest that a cenaia part of physiological sleep is 
produced through the activicy of adenosine Ai^ xeceptois. 

On the otheac hand, CPA, an adenosine A, receptor 
agonist, did not piodoce a consietent increaae in NREM 
sleep and, instead, suppressed KEM sleep in the present 
study. These effecis were similar to those of CHA on sleep 
that were found in our previous study and to the resnlta 
obtained following the intraperitoneal injeciioQ of CPA 
(1.0 mg/Kg body weight) in rats (Schwierin et al,, 1996). " 
HowcN-cr, it was xepoited that ttie intrapraitoneal and m- 
ttacer&brovBntricnlar adminiBtration of CPA,, and the 
microinjection of CPA into preoptic area increase the 
slow-wave activity in NREM sleep (Ticho and Radulo- 
vacki, 1991; Betdnglon et al., 1995; Schwierin et al., 
1996). Since we did not cany out a spectral ansdysis of 
EEO, ii is difUcult to know whether oar treatment with 
CPA increased the slow-wave activity in NREM sleep or 
not. Purthermoie, it is also unclear wljsliiet our experimen- 
lal site was mainly respomiWe for the adenosine A, 
reccptor-cncdiaicd pjoraotion of slow-wave acaivliy In 
NREM sleep or not. 

4.2. Effects of adenosins a§onins on brain temperature 

It is >Y6ll known itiat brain temperature decreases duiing 
the nataial deep period (reviewed by McGiuiy and Ssymo- 
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siak, 1990), Similar findings were obtained in the present 
ibidy. The decrease in the brain tempeiatttie induced by 
CGS21680, APEC, and NECA staned along with or stfter 
ihc bcsinniag of the inciccisc in NKEM sleep, and did not 
precede the cliange m NREM sleep. In &esc oasca, the 
magnitude of the changes in brain tamperatare remained 
within the range of natural clicadian Variation. Tlie contin- 
uous inftiMon of CPA produeatJ a small decrease -in brain 
temperature only at rhe fiftb hour of administration, around 
which period a small increase in NREM sleep appeared. 
Oiher groupa also showed that the microtcjection of CPA 
C0.5 nmol) oi;NECA (1.0 nmol) into die preoptic area 
produced an approximately 0,S--1.0°C reducriao in brain 
temperature and an increase in deep slow wave sleep 
(Tioho and RaiiulovaDid, im). Tberoforo, in contrast to 
some cytoldncs that produce sleep and fever (reviewed by 
Kroger and Majde, 1994), an adenosine receptor agonist 

could produce die natural ipladoa bccwcen sleep and biaia 
temperature if an appiopriat& amount was diieotly admiius- 
icred to Che Drain. 



4.3. E^ct Oj 



e treatment Wiik CGS21680 on sleep 



lUere were several reports indicating a difference he- 
cwccA the (cspoDsc to the day dme and to (he nigbt time 
tieairaeat ^oith sleep-ptoiaoting substances. Diurnal admin- 
istration of sleep substances, such as delta-sleep-indudng- 
pcpcidc (DSP), prostaglandin D,, and uridine caused al- 
most no changes In sleep paramctcra (lnou£ ct al., 1984), 
Furthermore, triazolam, one of tlia benTodissephaes, failed 
CO show sieep-iffromoiiTig efficacy in rats when injected in 
the middle of daeir rest phajes (Edgcr e; al., 1991). Thus, it 
is likely that the effecriveness of exogenously adroinisterBd 
CGS21680 andl other substances is affected by intrinsic 
circadian factors. The total sleep period during the diurnal 
ireEtment widi COS21680 was around 260 min, and weis 
almost consisteoi at the various infasion rates used, in tiiis 
study. This phenomenon well lesembles the upper limit 
thai total aieop^ does not exceed ia spite of prior sleep 
deprivation and was named the 'cBiling effect' (Mistl- 
berger et al., Furthermore, this might be one reason 
why the other risearch groups did not observe an increase 
in sleep foliowiag tite intr^eritoneaJ injection of 
adenosine agonists durjng the day period CMonn ec al.. 
1995; BenoreHilet al., 1996). 



4.4. Far Junker study of a sleep-generaiing 
located in the rostral btuai forebram 

Early studiesi demonstrating that chemical or electrical 
lesioning of a paiticular brain region canse'd the loss of 
sleep, whereas pfecincal stimulation of this region pro- 
duced synchronization of the BEG, indicated chat some 
sleep-generating structure is located in the rostra] part of 
Che biait^ such as the anieiior hypothalamus, preoptic area, 
and basal forcbrain (reviewed by Jones, 1994). However, 
tlie pharmacological and anatomical char?cteiisiics of this 



Sieep-proraocing scructura have not yet been clearly eluci- 
dated. 

' In the present study, the tip of each infusion cannula 
was siniflted in the subaractiaoid space underlying the 
ventral and medial pan of the shell of the accumbcns 
nucleus. In this area end in its vjciniiy, a dense disttibution 
of adenosine A,^ leceptots was demoastraTBd by use of 
ligand binding autoradiosiaphy using ['H]CGS21680 and . 
in situ hybridizalion with antisense RKA for the adenosine 
Aj;^ receptor. Adenosine h^f^ receptors arc knov^n to be 
localized in GABA CT-ajninobutyric acid)-ergic deniona 
that cocxprcss enkephalin (reviewed by Ongini and. Red- 
holm, 1996). These neurons might be responsible for Ghe 
sleep-promoting effect of adenosine A^^ receptor agonlsia. 

Several brain regions have been proposed 10 be in- 
volved in tho gcncratitm of sleep. The ventral surface of 
the rostral basal foiebrain is conaldered to be the site of 
action of prostaglanfUn for slecp-promodon in rau 
(Mataurowa « al., 1994). The cholinergic neurBns of the 
basal forsbrain and the laterodoraal tcgmcntttm are consid- 
ered to be involved in the adenosine-induced sleep in cats 
(Rainne ct al, 1994; Portas ei al., 1997). Some neurons in 
the medial preoptic area reapond to local warming and 
prolong the period of slow wave aleep (McGinty and 
Szymusiak, 1990). The average number of FOS-im- 
munoreactive cells per ventrolateral preoptic area (VLPO) 
sector increased with increasing percent total sleep time 
for spontaneously behaving rats (Shetin et al., 1996). The 
mieroinjeclicin of muscimol, a OABA^ receptor agonist, 
into the veDOoIaterol region of iha petiaqusduetal gray and 
a(liac6nt te^entum inoeasea ttie period of REM sleep. 
(Sastre ct al„ 1996). The cholinoceptive desynchronjzed 
sleep induction zone is localized v/ithin the dorsal togmcn- 
mm of the pons CVanni-Mercier et al., 1989; Yamamoio et 
al., 1990). In contrast, ihe posterior Hypothalamus, espe- 
cially the histamincipc neurons in tli tubcromamillary 
nucleus, participates ia the regulation of wakefulnesa (Lin 
'et ah, 1989). The putative adenosine Aj^ receptor mediai- 
ing, the sleep-promoting systcan would relate directly or ■ 
indirectly to the activities of these structurea. Particularly, - 
flie increase in RHid sleep might be explained by a disinhi- 
birion of mesopontinc REM-on neurons, as mentioned by 
Portas et al. (1997). 

For clarification of this issue, it wll be necessary to 
decide die site of action of an adenosine A^ aEonist for 
sleep promotion. To this end, aaatomical studies with 
tracers will be helpful. CGS21680 should serve as a useful 
tool for lUrther studV of the sleep-generaiing structures 
located in &c lostred and ventral part of the forcbrain and 
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inquiline ^ 

i*0de of some, other species (an oyster crob within the shell of an 
^t^l'T'?? i"^'>"^«ni?"" 10 the host, see also 

commensal. [L. inquilinus, an inhabitant of a place that is' not his 
own, fr. in, in, + colo, to inhabit] ■ 
INR Abbreviation for international normalized ratio. 
in-sa lu-bri ous (in-sa-loo^re-us). Unwholesome; unhealthful- 
_ usually ,n reference to climate. [L. In-salubris. unwholesome] 
in sane (in-san'). , 1. Of unsound mind; severely mentally impair- 
solt'aLt ''^'^""^ '° ~ 

in san-i-tary (in-san'i-tar-e). .Injurious lo health, usually in refer- 
ence to an unclean or contaminated environment, syn nnsanitarv 
IL. in- neg. + sanus, sound] ^' 

* ™!irf '!j' 1- An outmoded term referring to severe 

mcmal illness or psychosis. 2. In law, that degree of mental illness 
whiph negates the individual's legal responsibility orcapacitj [L 
in- neg. + sanus, sound] i- / i"-. 

criminal I., in forensic psychiatry, a term that describes the de- 

ffi^li^ri.^r'u''^"'' "^^ ^<'^ ^"stitute rule, 

Durham rtile, M Naghten rule, and the New Hampshire rule 
I. derense, in forensic psychiatry, the use in the courtroom of i as 
a Ituligating factor in the defense of an individual on trial for a 
serious criininaj offense, see criminal i. 

I. tcndin'ea, syn tendinous inlerseciion. 

'Yf "^^^ Pa« of a prescription- 
ha which indicates the drugs and the quantity of each " beCed 
;".c'>r;^r l ""^-^^n inscnptio. [L. 

tendinous I., syn tendinous intersection. 
Qln-sec ta (io-sek'tS) The insects, the largest class of the phylum 
Ailhropoda and the largest major grouping of living thCT 
chiefly chnraclerlzed by flight, great adapLibility, vas?speciS ' 
in terrestrial and freshwater environments, and possession of three 
^rlZ°,-'°T'^ "'"""y' P»^" ofwings. Some a^e 

parasiuc, oOiers serve as intermediate hosts.for parasites includ! 
ing those that cause many human diseases. Some are wingless- 

tion'Is'bv^r^'h "'•""I' P-r of wings. Respla' 

. ion IS by trachco es. cut.cle-lined air lubes that pass air directly to 
the tissues. Development in higher forms is holometabo ous and 

cuUmo] ^ °^ f'- ''^^^"co. pp. Jaus. to 

In-sec-tfir-i-uni (in-sek-ta'rS-iim). Place for keeping and breeding 
insects for scientific purposes. (L J oreeciing 

in-sec-tt-fllge (in-sek'ti-fcoj). A substance that drives off insects 
[tnseot + L./i<go, toputtonight] 

' nl^^'^VT'"'''" ('"-"k-tiVo-r!!). An order of small, plantigrade ' 
placental mammals that are extremely active and often hiEhiv 
p«daceous; they feed mostly on insects and small tdentef t^^ 
Oiough the jes or potomogale of Africa feeds on fish. Bight li^ina 
ftimilies include the solenodons of. Cuba and Haiti, tenrecl^f 

^ffh^e'u rAfrif 'TI^"T^ «h«ws.^d mol« 

ot the U.S., Afnca, and Asia, [insect -f.L. voro. to devour] 

VoTi^Z'Z" ' Insect-eating, [insect L. 

heTplessSs' (--^-•^Or'i-ta). A feeling of unprotectedness and 

in.sem.i.na tion (in-sem-i-nS'shan). . Deposit of seminal fluirf 
within the vagina, normaUy.duiing coitus syn semSn fL 
m-semmo, pp. -atus, tp sow or plant in, fr. semen, seed] ' . ' 
SrSi.'" °^ into the vagina other than 

donor 1., SYN heterologous 1. 

^^f'^ f™in a donor who is 

the woman's husband, syn donor i. 
homoliigous I., artificiaJ i. with the husband's semen. 



insomnia 




biting and stinging insects and arachnids: 



intrauterine i. (lUI), placement of sperm that have been washed 
of seminal fluid directly into the uterus to bypass the cervix 

^'"'■""^•^ ^" additional length of base pairs in DNA that 

bases that hTh"'"^ A" ^''^itio"-' '-"Sth 

bases that has been introduced into RNA. 3. An additional lengdi 

pro'e,™ introduced into' a 

in-ser tion (in-ser'shdn). 1. A puiUng in. 2. The usually more 
st^Te on""'';?',"' °' I '° 'h-^ movable p^'^orthe 

^tZ\T *^"»e|>'3hed from origin. 3. In dentistry, the intraoral 
^sWe li^ Lf f P^°sthesis. 4. Intrusion of fragments of any 
size from molecular to cytogenetic into the normal genome. [L 
mseriw^ a plantmg in, fr. insero. -,ertus. to plant in] 
pnrasol i., syn velamenlous i. 

nf-Il'lir'-''"' b u ^^"^ °^ °f blood vessels into the 

f.^HA "'^ Vessels separate before reaching the placen- 

Hhfnf ^"'""'^ " " °f ^"^"'on- somewhat like the 

ribs of an open parasol, syn parasol i • • 

in sheathed (in-shethd'). Enclosed in a sheath or capsule. 
'VlJ' T ^'"-'"^'^-^'y Treacherous; stealthy;, denoting a 

disease that progresses gradually with inapparent symptoms [L 

iWioju., cunnmg, fr. wj/AW (pi.), an arnbushl 
•"hPllwi'i'''''''^- ^^'^-""derstanding as lo the moUves and reasons 

behind one s own actions or those of another's. ' 

Vvef oftjni:. SK^LraUeT"""' 
in.so.la-tion(in-so-irshiin). l. Exposure to the sun's rays 2 syn 

sunstroke. (L. insolare, to place in the sun] ^ 
In sol-u-ble (in-sol'Q-bl). Not soluble. 



„„, sgiuDie. 

; exte^al'ImilS;™.'"'.!!'"''^-. '"'"'"'^ '° ^'^=P' t*'^ absence of 
rpri^ ^""^i "°'«*' ^ bright light, etc., during the 

I penod when sleep should normally occur; may vary indS 
from restlessnew or disturbed slumber to a cGrtmW otf^ 



(1). Vu. inspirali 



insomnia 9 

nonnal length of sleep or to absolute wakefulness, syn sleepless- 
ness. [L. fr. in- priv. + somnus, sleep] 

conditioned i., a form of insomnia resulting from conditioned 
behaviors that ore incompatible with sleep, e.g.,' each time a 
person walks into his bedroom, his first thought is that he is not 
going 10 be able to sleep. 

" subjective I,, a condition characterized by the subjective experi- 
ence of greatly reduced sleep, in the context of relatively nonnal 
physiologic measures of sleep. 

in-som ni-ac (in-som'ne-ak). 1. A sufferer from insomnia. 2. 
Exhibiting, tending toward, or producing insomnia. 

in-sorp tion (in-sorp'shiln). Movement of substances from the 
lumen of the gut into the blood. [L. in. in, + sorbeo, to suck] 

inspection. 

visual I, vrlth acetic add, syn acetowhitening, cervicoscopy. 

In sper-sipn (in-sper'shan, -zhdn). SprinJding with a fluid or a 
powder, [L. inspersio, fr. in-spergo, pp. -spersus, to scatter upon, 
fir. spargo, to scatter] 

in spi-ra tion (in-spi-rS'ahQn). syn it 
fir. in-spiro, pp. -aius, to breathe in] 
crowing t, nWsy breathing associated with respiiatory obstruc- 
tion, usually at the larynx. 

in spi ra to ry (in-sptril-to-re). Relating to or timed during inha- 
lation. 

in spire (in-spTr'). syn inhale. 

In-spi-ront e-ter (in-spl-rom'6-ter). An instrument for measuring 
the force, frequency, or volume of inspirations. (L. in-spiro. to 
.breathe in, + G. metron. measure] 

In-spls-sate (in-spis'at), To perform or undergo inspissation. 

in-spls-sa Uon (In-spi-sa'shOn). 1. The act of thickening or con- 
densing, as by evaporation or absorption of fluid. 2. An increased 
thickening or diminished fluidity. {L. in, intensive, + spisso, pp. 
■aius, to thicken] . 

In-spls-sa-tor (in-spis'a-t6r). An apparatus for evaporating fluids. 

in-Sta-bil l-ty (in-sta-bil'i-te). The state of being unstable, or 
lacking stability. 

detrusor 1., involuntary detrusor contractions that may occur at 
bladder volumes below capacity, syn detrusor hyperreflexia. 
spinal I., the inability of the spinal column, under physiologic 
loads, to maintain its normal configuration; may result in damage 
to the spinal cord or nerve roots or lead to the development of a 
painful spinal deformity.- 

In-star (in'siahr)'. Any of the successive nymphal stages in the 
mettunorphosis of hemimetaboloiis insects (simple or incomplete 
metamotphosis), or the stages of larval change by success' 
molts that characterize the holometabolous insects (complex 
complete metamorphosis). [L. form] 

in-step. The arch, or highest part of the dorsum of the foot, seb 
AI.SO tarsus. 

In stil la tion (in-sii-IR'shfln). Dropping of a liquid oij or into a 
body part. [L. inslillaiio, fr. in-sUllo, pp. -atus, to pour in by 
drops, fr. stilla, a drop] 

in stii-la tor (in'sti-ia-ter). A device for perfoiming instillation. 

SYN dropper.. 

in stinct (in'stinkt). 1. An enduring disposition or tendency of an 
organism to act in an organized and biologically adaptive manner 
characteristic of its species. 2. The unreasoning impulse to per- 
form some purposive action. without an immediate consciousness 
of the end to which diat action may lead. 3. In psychoanalytic 
theory, the forces or drives assumed to exist behind the tension 
cau3ed by the needs of the id. {L. ihsiinctia. impulse] 
aggressive i., syn death i. 

death 1., an i. of living creatures toward self-destruction, death, or 
a return to the inorganic lifelessness from which they arose, syn 
aggressive i. 

ego l.'s, self-preservative needs and self-love, as opposed to ob- 
ject love; drives Uiat are primarily erotic, 
herd i., tendency or infclination to' band together with and share 
ttie cusltnns of others of a group, and to conform to the opinions 
and adopt the views of the group, syn social i. 



insufficiency 

life i., the i. of self-preservation and sexual procreation; the basic 
urge toward preservation of the species. syi+ sexual i. 
sexual i., SYN life,!. . 
social i., SYN herd* i. 
in stinc tive, Ift stinc tu al (in-stlnk'tiv, -stink'choo-al). Relat- 
ing to instinct. 

in stru ment (in'stroo-ment). A tool or implement. [L. instm- 
mentum] 

diamond cutting l.'s, in dentistry, cylinders, disks, and other 
cutting i.'s to which numerous small diamond pyramids have 
been attached by a plating of metal, 
hearing 1., syn hearing aid. 

Knieger I. stop, a mechanical device limiting the insertion of a 
root canal i. into a canal, 
plugging i;, SYN plagger. 

purse-string i., an intestinal clamp with jaws at an angle to the 
handle; when closed across, the bowel, large grooved Interdigitat- 
ing serrations allow passage of a straight needle and suture 
through each side to foim a purse-stnng sunjre, after which the 
clamp is removed. 

Sabouraud-Noirf I., an obsolete device for measuring the quan- 
tity of x-rays by. means of the change in color of a disk of barium 
platinocyanide which exposure to diem produces; the unit used in 
this method is called tint B. seb erythema dose, 
stereotactic I., stereotaxic I., an apparatus attached to the head, 
used to localize precisely an area in the brain by means of coordi- 
nates related to intracerebral structures. 

test handle i., a root canal i. the handle of which is similar to a 
collet chuck and which can be secured in position on the root 
canal i. to.adjust its effective length, 
iii stru men tar i um (in'stroo-men-tar'g-ilm). A collection of 
insttumeiits and other equipment for an operation or for a medical 
procedure. 

in-stni men ta-tlon (in'stroo-men-ta'shSn). l. the use of instiu- " 

ments. 2. In dentistry, the application of armamentarium in a 

restorative procedure, 
in suC'Ca tion (in'sii-ka'shiSn). Maceration or soaking, especially 

of a crude drug to prepare it for further pharmaceutical operation. 

IL. insuco. pp. -aius, to soak in. fr. in, in, + sucus, juice, sap 

(improp. jMcc-)] 

in stl'date (in'soo-dat). Fluid swelling within an arterial wall 
(ordinarily serous), differing from an exudate in that it. does not 
come to lie extramuraliy. [L. in, in, + sudd, pp. -atus, lo sweat] 

in suf fi cien cy (in-su-fish'en-se). Lack of completeness of func- 
tion or power, see also incompetence. [L. in-, neg. + sufficientia 
fr. sufficio to suffice] 

accommodative i., a lack of appropriate acconrimodation for near 

acute adrenocortical 1., severe adrenocortical i. when an inter- 
current illness or trauma causes an increased demand for adreno- 
cortical hiDimones in a patient with adrenal itisufficiency due to 
disease or use of relatively large , amounts of similar hoimones as 
therapy; characterized by nausea, vomiting, hypotension, and fr«?- 
quenlly hyperthemia, hyponatremia, hyperkalemia, and hypogly- 
ceniia; can be fatal if untreated, syn addisonian crisis, adrenal 
crisis, Bemard-Sergent syndrome. 

adrenocortical i., loss, to varying degrees, of adrenocortical 
function, syn hypocoilicoidism. 
aortic i., SEE .valvular regurgitation. 
cardiac i., sym heart failure (1). 

chronic adrenocortical i., adrenocortical i. usually as the result 
of idiopathic atrophy or destruction of both adrenal glands by 
tuberculosis, an autoiinniune proc.ess, or other diseases; character- 
ized by foligue, decreased Wood pressure, weight l&ss, increased 
melanin pignientation of the skin and mucous membranes,' ano- 
rexia, and nausea or vomiting; without approjHiate replaceihent 
tiiera^, it can progress to acute adrenbcbrtical i. syn Addison 
disease, addisonian syndrome, hyposupradienalism, morbus Ad- ■ 
disonii. 
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COMPOSITIONS AND METHODS FOR TREATMENT 
OF MITOCHOKDRIAL DISEASES 

Field of the Invention 

This invention relates genarally to compounds and methods for treatment and prevention 
of diseases, developmental delays, and symptoms related to mitochondrial dysfiinction. 
Pytimidine nucleotide precursors are administered to a mammal, including a human, for the 
purpose of compensating for mitochondrial dysfunction and for improving mitochondrial 
functions. 

Baclcground of tiie Invention 

Mitochondria arc cellular organelles present in most eukaryotic cells. One of their 
primary functions is oxidative phosphorylation, a process through which energy derived ftom 
metabolism of fuels like glucose or fatty acids is converted to ATP, which is then used to drive 
various energy-requiring biosynthetic reactions and other metabolic activities. Mitochondria 
have their own genomes, separate from nuclear DNA, comprising rings of DNA with about 
16,000 base pairs in himian cells. Each mitochondrion may have multiple copies of its genome, 
and individual cells may have hundreds of mitochondria. 

Mitochondrial dysfunction contributes to various disease states. Some mitochondrial 
diseases are due to mutations or deletions in the mitochondrial genome. Mitochondria divide 
and proliferate with a faster turnover rate than their host cells, and their replication is under 
control of the nuclear genome. If a threshold proportion of mitochondria in a cell is defective, 
and if a threshold proportion of such cells within a tissue have defective mitochondria, 
symptoms of tissue or organ dysfunction can result. Practically any tissue can be affected, and 
a large variety of symptoms may be present, depending on the extent to which different tissues 
are involved. 
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A fertilized ovum might contain both normal and genetically defective mitochondria 
The segregation of defective mitochondria into different tissues during division of this ovum is 
a stochastic process, as vnll be the ratio of defective to normal mitochondria within a given 
tissue or cell (although there can be positive or negative selection for defective mitochondrial 
genomes during mitochondrial turnover within cells). Thus, a variety of different pathologic 
phenotypes can emerge out of a particular point mutation in mitochondrial DNA. Conversely, 
similar phenotypes can emerge from mutations or deletions affecting different genes within 
mitochondrial DNA. Clinical symptoms m congenital mitochondrial diseases often manifest in 
postmitotic tissues widi high ^ergy demands like brain, muscle, optic oexve, and myocardimn, 
but other tissues including endocrine glands, liver, gastrointestinal tract, kidney, and 
hematopoietic tissue are also involved, again depending in part on the segregation of 
mitochondria during development, and on the dynamics of mitochondrial turnover over time. 

In addition to congenital disorders mvolvmg mUented detective miiochondria, acquired 
mitochondrial dysfimction contributes to diseases, particularly neurodegenerative disorders 
associated with aging like Paikinson's, Alzheimer's, Huntington's Diseases. The incidence of 
somatic mutations in mitochondrial DNA rises exponentially vrith age; diminished respiratory 
chdn activity is found universally in aging people. Mitochondrial dysfunction is also 
implicated in excitotoxic neuronal injury, such as that associated with seizures or ischania. 

Treatment of diseases involving mitochondrial dysfimction has heretofore involved 
administration of vitamins and cofactors used by particular elements of the mitochondria] 
respiratory chain. Coenzyme Q (ubiquinone), nicotinamide, riboflavin, carnitine, biotin, and 
lipoic acid are used in patients with mitochondrial disease, with occasional benefit, especially in 
disorders directly stemming from primary deficiencies of one of these cofactors. However, 
while useful in isolated cases, no such metabolic cofactors or vitamins have been shown to have 
general utility in clinical practice in treating mitochondrial diseases. Similarly, dichloracetic 
acid (DC A) has been used to treat mitochondrial cytopathies such as MEL AS; DC A inhibits 
lactate formation and is primarily useful in cases of mitochondrial diseases where excessive 
lactate accumulation itself is contributing to symptoms. However, DCA does not address 
symptoms related to mitochondrial insufficiency per se and can be toxic to some patients, 
depending on the underlying molecular defects. 
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Mitochondrial diseases comprise disorders caused by a huge variety of molecular lesions 
or defects, with the phenotypic expression of disease furtha: complicated by stochastic 
distributions of defective mitochondria in different tissues. 

Commonly owned United States Patent 5,583.1 17 discloses acylated derivatives of 
cytidine and uridine. Commonly owned ^plication PCT/US 96/10067 discloses the use of 
acylated pyrimidine nucleosides to reduce the toxicity of chemothoapeutic and antiviral 
pyrimidine nucleoside analogs. 

Objects of the Invention 

It is an object of the invention to provide compositions and methods for treating 
disorders or pathophysiological consequences associated with mitochondrial dysfunction or 
mitochondrial respiratory chain dysfunction in a mammal, mcluding a human. 

It is an object of the invention to provide compounds and compositions that improve 
tissue resistance to mitochondrial dysfimction in vivo. 

It is an object of the invention to provide compositions and methods for treatment of 
mitochondrial diseases. 

It is an object of the invention to provide agents which compensate broadly for 
mitochondrial deficits involving a wide variety of molecular pathologies, since, in many cases, 
precise diagnosis of molecular lesions in mitochondrial disorders is difficult 

It is an object of the invention to provide a practical treatment for mitochondrial diseases 
that is beneficial in the case of mitochondrial electron transport chain deficits regardless of the 
specific molecular defects. 

It is an object of the invention to provide not only for the relatively rare congenital 
diseases related to mitochondrial DNA defects, but also for significant neuromuscular and 
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neurodevelopmental disoidas that appear in childhood and for connnon age-related 
degenerative diseases like Alzheimer's or Parkinson's Diseases. 

It is an object of the invention to provide con^ositions and methods for treadnait and 
prevention of neurodegenerative and neuromuscular disorders. 

It is an object of the invention to provide compositions and methods for treatment and 
prevention of excitotoxic injury to neural tissue. 

It is an object of the invention to provide con^sitions and methods for treatment and 
prevention of epilepsy. 

It is an object of the invention to provide compositions and methods for treatment and 
prevention of migraine. 

It is an object of the invention to provide compositions and methods for preventing 
death or dysfimction of postmitotic cells in a mammal, including a human. 

It is an object of the invention to provide compositions and methods for treatment of 
neurodevelopmental delay disorders 

It is a fiather object of the invention to provide a conqjosition for treatment or 
prevention of tissue damage due to hypoxia or ischemia . 

It is a further object of this invention to provide compositions and methods for treating 
or preventing ovarian dysfunction, menopause, or secondary consequences of menopause. 

It is a further object of the invention to provide compositions and methods for reducing 
side effects of cancer chemotherapies due to chemotherapy-induced mitochondrial mjuiy. 

It is a further object of the invOTtion to provide a method for diagnosing mitochondrial 
disease and dysfunction. 



wo 00/11952 



5 



PCTAJS99/1972S 



Summary of the Invention 

The subject invention provides a method for treating pathophysiologica] consequences 
of mitochondrial respiratoiy chain deficiency in a mammal comprising administering to such a 
mammal in need of sudi treatment an amomit of a pyrimidine nucleotide precursor effective in 
reducing the pathophysiological consequences. Additionally, the invention provides a method 
of preventing padiq)hysiological consequences of mitochondrial respiratoiy chain defidracy 
comprising administering to a mammal an amount of a pyrimidine nucleotide precursor 
effective in preventing the pathophysiological consequences. 

In mitochondrial disease the compounds and compositions of the invention are usefiil 
for attenuating clinical sequelae stemming from respiratory chain deficiencies. Respiratory 
chain deficiencies underiying mitodiondiial disease are caused by various factors including 
congenital or inherited mutations anddeletions in mitochondrial DNA, deficits in nuclear- 
encoded protans affecting respiratory chain activity, as well as somatic mutations, elevated 
intracellular caldimi, excitotoxicity, nitric oxide, hypoxia and axonal transport defects. 

The subject invention provides compounds, compositions, and methods for prevaiting 
or reducing death and dysfimction of postmitotic cells bearing mitochondrial respiratory chain 
deficits. 

The subject invention furthermore provides compounds, compositions, and methods for 
treating neurodevelopmental delays in language, motor, executive function, cognitive, and 
neuropsychological social skills. 

The subject invention also relates to treatment of disorders and conditions that are herein 
disclosed as conditions to which mitochondrial defects contribute and which therefore are 
subject to treatment with compounds, and compositions of the invention. These include side 
effects of cancer chemother^y like peripheral neuropathies, nephropathies, fatigue, and early 
menopause, as well as ovulatory abnormalities and normal menopause itself. 
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The subject invention also relates to a method for diagnosing mitochondrial diseases by 
treating patients with a pyrimidinc nucleotide precursor and assessing clinical benefit in - 
selected signs and symptoms. 

The invention, as well as other objects, features and advantages thereof will be 
understood more clearly and fully from the following detailed description, when read with 
reference to the accompanying results of the experiments discussed in the examples below. 

Detailed Description of tlie Invention 

The subject invention is related to compounds, compositions, and methods for treating 
of preventing a variety of clinical disorders secondary to mitochondrial dysfimction, especially 
deficits in the activity of components of the mitochondrial respiratory chain. Such disorders 
mclude congenital mitochondnal cytopathies, neurodeveiopmenial delays, agc-icIaLcJ 
neurodegenerative diseases, as well as particular diseases affecting the heart, peripheral and 
autonomic nerves, skeletal muscle, pancreas and other tissues and organs. 

A. Definitions 

"Mitochondrial disease" refers to disorders to which deficits in mitochondrial respiratory 
chain activity contribute in the development of pathophyaology of such disorders in a mammal. 
This category includes 1) congenital genetic deficiencies in activity of one or more components 
of the mitochondrial respiratory chain; 2) acquired deficiencies in the activity of one or more 
components of fiie mitochondrial respiratory chain, wherein such deficiencies are caused by, 
inter alia, a) oxidative damage during aging; b) elevated intracellular calcium; c) exposure of 
affected cells to nitric oxide; d)hypoxia or ischemia; e) microtubule-associated deficits in 
axonal transport of mitochondria, or f) expression of mitochondrial uncoupling proteins. 

The mitochondrial respiratory chain (also known as the electron transport chain) 
comprises 5 major complexes: 
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Complex I NADH:ubiquinone reductase 

Complex n Succmate:ubiquinone reductase 

Complex ni ubiquinohcytochrome-c reductase 

Complex rV cytochrome-c o 

Complex V ATP synthase 



Complexes I and II accomplish the transfer of electrons from metabolic fuels like 
glycolysis products and fatty acids to ubiquinone (Coenzyme Q), converting it to ubiquinol. 
Ubiquinol is converted back to ubiquinone by transfer of electrons to cytochrome c in Complex 
m. Cytochrome c is reoxidized at Complex IV by transfer of electrons to molecular oxygen, - 
producing water. Complex V utilizes potential enagy from the proton gnufiait produced across 
the mitochondrial membrane by these electron transfers, converting ADP into ATP, which thcai 
provides energy to metabolic reactions in flie cell. 

Dihydro-orotate dehydrogenase (DHODH), is an raizyme involved in de novo synthesis 
of uridine nucleotides. DHODH activity is coupled to the respiratory chain via transfer of 
electrons from dihydro-orotate to ubiquinone; these electrons are then passed onto cytochrome c 
and oxygen via Complexes m and IV respectively. Only Complexes HI and IV are directly 
involved in pyrimidine biosynthesis. Orotate produced by tiie action of DHODH is convCTted to 
uridine monophosphate by phosphoribosylation and decarboxylation. 

"Pyrimidine nucleotide precursors" in the context of the invention are intennediates in 
either the de novo or salvage pathways of pyrimidine nucleotide synthesis that enter into - 
pyrimidine synthesis either distal to DHODH (e.g. orotate) or which do not require DHODH 
activity for conversion to pyrimidme nucleotides (e.g. cytidine, uridine, or acyl derivatives of- 
cytidine or uridine). Also included within the scope of the invention are pyrimidine nucleoside 
phosphates (e.g. nucleotides, cytidine diphosphocholine, uridine diphosphoglucose); these 
compounds are degraded to the level of uridine or cytidine prior to entry into cells and 
anabolism. Acyl derivatives of cytidineand uridine have better oral bioavailability than the 
parent nucleosides or nucleotides. Orotic acid and esters thereof are converted to uridine 
nucleotides and are also usefiil for accomplishing the goals of the invention. 
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B. Compounds of the Invention 

A primary feature of the present invention is the unexpected discovery that 
administration of pyriinidine nucleotide precursors is effective in treatment of a large variety of 
symptoms and disease states related to mitochondrial dysfunction. 

Tissue pyriinidine nucleotide levels are increased by administration of any of several 
precursors, l&idine and cytidine are incorporated into ceUular nucleotide pools by 
phosphorylation at the 5' position; cytidine and uridine nucleotides are interconvertible through 
enzymatic aminalion and de-amination reactions. Orotic acid is a key intermediate in de novo 
biosynthesis of pyriinidine nucleotides. Incorporation of orotic acid into nucleotide pools 
requires cellular phosphoribosyl pyrophosphate (PRPP). Alternatively (or in addition to 
provision of exogenous nucleotide piecursors),availability of uridine to tissues is increased by 
administration of compounds which mmtwt uridine phospboryiasB, iuc m^i ciiiyiic in the 
pathway for degradation of uridine. The compounds of die invention useful in treating 
mitochondrial diseases andrelated disorders include uridine, cytidine, orotate, orally 
bioavailable acyl derivatives or estors of these pyrimidine nucleotide precursors, and inhibitors 
of the enzyme uridine phosphorylase. 

In reference to acyl derivatives of cytidine and uridine, the following definitions pertain: 

The term "acyl derivative" as used herein means a derivative of a pyrimidine nucleoside 
in which a substantially nontoxic organic acyl sub-stituent derived fiom a carboxylic acid is 
attached to one or more of the free hydroxyl groups of the ribose moiety of the oxy-purine 
nucleoside with an ester linkage and/orwhere such a substituent is attached to the amine 
substituent on the purine ring of cytidine, with an amide linkage. Such acylsubstituents are 
derived from carboxylic acids which include, but are not limited to, compounds selected from 
the group consisting of a fatty acid, an amino acid, nicotinic acid, di-carboxylic acids, lactic 
acid, p-aminobenzoic acid and orotic acid. Advantageous acyl subsrituents are compounds 
which are normally present in the body, either as dietary constituoits or as intermediary 
metabolites. 
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The tenn "{diannaceadcally accq>tabie salts" as used berein means salts with 
phamaceutically accqrtable add or base addition salts of the daivatives, which include, but are 
not limited to, sulfuric, hydmchloric, or phosphraic acids, or, in the case of orotate, sodium or 
calcium hydroxides, and cationic amino adds, espedaOy lysine. 

The temi "amino adds" as used herein incUides, but is not limited to, glycine, the L 
forms of alanine, valine, leucine, isolaicine, phenyl-danine, ^sine, proline, hydroxyproline, - 
serine, threonine, cysteine, cystine, mefluomne, tiyptophan,aspaitic add, glutamic acid, 
arginine, lysine, histidine,ormthine, hydioxylysine, carnitine, and otiier naturally occurring 
ammo acids. 

The term "fetty acids" as used herein means aliphatic caiboxylic acids having 2-22 
carbon atoms. Such fatty acids m^be saturated, partially saturated or polyunsaturated. 

The term "dicarboxylic acids" as used herdn means fatty acids with a second carboxylic 
acid substituenL 

Compounds of the invention have the following structures: 

In all cases except where indicated, letters and letters with subscripts symbolizing 
variable substituents in the chemical stmctures of the compounds of the invention are applicable 
only to the structure immediately preceding the description of the sjmibol. 



(1) An acyl derivative of uridine having the formula: 
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wherein Rl, R2, R3 and R4 are the same or different and each is hydrogen or an acyl radical ^ 
a metabolite, provided that at least one of said R substituents is not hydrogen, or a 
phannaceutically acceptable salt thraeof. 



(2) An acyl dmvative of cytidine having &e fonnula: 



NHR« 




wherein Rl, R2, R3 and R4 are the same or different and each is hydrogen or an acyl radical 
a metabolite, provided that at least one of said R substituents is not hydrogen, or a - 
pharmaceutically acceptable salt thereof. 

The compounds of the invention useful in treating mitochondrial diseases include: 

(3) An acyl derivative of uridine havmg the formula: 




RjO 0R3 
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wherein Rl, R2, and R3 are the same, or diiferent, and each is hydrogen or an acyl radical of 

a. animbranched fatty acid with 2 to 22 carbon atoms, 

b. an amino add selected from the group consisting ofglycine, the L forms of 
alanine, valine, leucine, isoleucine, tyrosine, prolme, hydroxyproline, serine, threonine, cystine, 
cysteme, aqiartic acid, glutamic acid, argmine, lysine, histidine, carnitine and ornithine, 

c. a dicarboxylic add having 3-22 carbon atoms, 

d. a carboxylic acid selected &om one or more of the group consisting of glycolic 
add, pyruvic add, lactic acid, enolpyruvic acid, Upoic acid, pantothenic acid, acetoacetic acid, 
p-aminobenzoic add, betahydroxybutyric acid, orotic acid, and creatine. 

(4) Att acyl derivatives of cytidine having the formula: 




wherein Rl, R2, R3, and R4 are the same, or different, and each is hydrogen or an acyl radical 
of 

a. an imbranched fatty acid with 2 to 22 carbon atoms, 

b . an amino acid selected from the group consisting of glycine, the L forms of 
phenylalanine, alanine, valine, leucme, isoleucine, tyrosine, proline, hydroxyproline, serine, 
threonine, cystine, cysteine, aspartic acid, glutamic acid, arginine, lysine, histidine carnitine an 
ornithine, 

c. a dicarboxyhc acid having 3-22 carbon atoms. 
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d. a carboxylic acid selected ftom one or more of the group consisting of glycolic 
acid, pyruvic acii lactic acid, enolpyruvic acid, lipoic add, pantotherac acid, acetoacetic acid, 
p-aminobenzoic acid, betahydroxybutyric acid, orotic acid, and creatine. 



(5) An acyl derivative of uridine having the formula: 




wherein at least one of Rl, R2, or R3 is a hydrocarbyloxycarbonyl moiety containing 2-26 
carbon atoms and the remaining R substituents are independently a hydrocarbyloxycarbonyl 
hydrocarbylcarbonyl moiety or H or phosphate. 

(6) An acyl derivative of cytidine having the formula: 
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wherein at least one of Rl, R2, R3 or R4 is a hydrocarbyloxycarbonyl moiety containing 2-26 
carbon atoms and the remaining R substituents are independenfly ahydrocaibyloxycafbonyl or 
hydrocarfaylcarbonyl moiety or H or phosphate. 

(7) Orotic acid or salts thereof: 



0 




Phaimaceutically-acceptable salts of orotic acid include those in which the cationic 
component of the salt is sodium, potassium, a basic amino acid such as arginine or lysine, 
methylglucamine, cholme, or any other substantially nontoxic water soluble cation with a 
molecular weight less than about 1000 daltons. 

8) Alcohol-substituted ©rotate derivatives: 



0 
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whercm Rl is a radical of an alcohol containing 1 to 20 carbon atoms joLnai to orotate via an 
ester linkage. 

Also encompassed by the invention are the pharmaceutically acceptable salts of the 
above-noted compounds. 

Advantageous compounds of the invention are short-chain (2 to 6 caibon atoms) fatty 
add esters of uridine or cytidine. Particularly advantageous conq>ounds are triacetyluridine or 
triacetylcytidine. Such compounds have b^er oral bioavailabilty than the parent nucleosides, 
and are rapidly deacetylated following absorption after oral administratioiL 

Pyruvic acid is useful for treatment of cells with defective mitochondrial function. Cells 
with reduced capability for mitochondrial oxidative pho^hoiylation must rely on glycolysis for 
generation of ATP. Glycolysis is regulated by the redox state ot cells, specificaiiy, NAIrr is 
required for optimal glucose flux, producing NADH in the process. In order to maximize 
energy production fiom glycolysis, NADH must be reoxidized to NAIH-. Exogenous pyruvate 
can reoxidize NADH, in part via a plasma membrane enzyme, NADH Oxidase. 

Uridine tripynivate (2',3',5'-tri-0-pyruvyIuridine) provides the benefits of both 
pyrimidines and pyruvate, delivering both with a single chemical entity, and avoiding the load 
of sodium, calcium, or other cations in the corresponding salts of pyruvic acid. 

Inhibitors of u ridine nhosphorvlase 

An alternative or complementary strategy for treating mitochondrial diseases involves 
inhibition of uridine catabolism with an inhibitor of the enzyme uridine phospborylase. 

Examples of inhibitors of uridine phospborylase that are useful for treatment of 
mitochondrial disease include but are not limited to 5-benzyl barbiturate or 5-benzylidene 
barbiturate derivatives including 5-benzyl barbiturate, 5-benzyloxybenzylbarbiturate, 5- 
benzyloxyben2yI-l -[(l-hydroxy-2~etfaoxy)methyl]barbiturate, 5-benzyloxybenzylacetyl- 1 - 
[(l-hydroxy-2-ethoxy)methyl] barbinirate, and S-methoxybenzylacetyl-acyclobarbiturate, 2,2'- 
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anhydro--5-ethyluridine,5-ethyl-2-deoxyuridine and acydouridine compounds, particularlyS- 
benzyl substituted acyclouridine congeners including but notKmited to benzylacyclouridinc, 
ben2yloxy-benzyl-acyclo-uridine,aniinomethyl-benzyl-acycloimdine, 
aminomethyl-benzyloxy-benrylacyclouridine, hydroxymethyl-benzylacyclouridine, and 
hydroxymethyl-benzyloxy-benzyl-acyclouridine. See also WO 89/09603and WO 91/16315, 
hereby incorporated by referaice. 

r. Compositions of the Invention 

In one embodiment of the invOTtion, novel pharmacaitical composition comprise as an 
active agent one or more pyrimidine nucleotide precursors selected from the group consisting 
of uridine, cytidine, orotic acid or its salts or esters, and acyl derivatives of these pyrimidine 
nucleotide precursors, together with a pharmaceutically acceptable carrier. 

The compositions, depending on the intended use and route of administration, are 
manufactured in the form of a liquid, a suspension, sprinkles, microcapsules, a tablet, a capsule, 
a dragee, an injectable solution, or a si5)positoiy (see discussion of fiamulation below). 

In another embodiment of the invention, the composition comprises at least one 
pyrimidine nucleotide precursor and an agent wHch inhibits the degradation of uridine, such as 
an inhibitor of the enzyme uridine phosphorylasc. Examples of inhibitors of uridine 
phosphorylase include but are not limited to 5-benzyl baibiturate or 5-benzylidenc barbiturate 
derivatives including 5-benzyI baibiturate, S-benzyloxybenzyl barbiturate, S-benzyloxybenzyl- 
l-[(l-hydroxy-2-ethoxy)methyl]barbiturate,5-benzyloxybenzylacetyl--l-[(l-hydroxy-2- 
ethoxy)methyl]barbiturate, and 5-methoxybenzylacetyl-acyclobarbiturate,2,2'-anhydro.5- 
ethyluridine, and acyclouridine compounds, particularly 5-benzyl substituted acyclouridine 
congeners including but not limited to benzylacyclouridine, benzyloxy-benzyl-acyclo-uridme, 
aminomethyl-benzyl-acyclouridine,aniinoraethyl-benzyloxy-benzyl-acyclouridine, 
hydToxymethyl-benzylacyclouridine,andhydroxymethyl-benzyloxy-benzyl-acyclouridine. 
Furthermore, it is within the scope of the invention to utilize an inhibitor of uridine 
phosphorylase alone, without coadministration of a pyrimidine nucleotide precursor, for the 
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purpose of treating mitodiondrial diseases or pathophysiologies associated with mitochondrial 
lespiiatoiy chain dysfunction. 

Further onbodiments of the invention comprise a pyrimidine nucleotide precursor 
combined wifli one or more othw agents with protective or supportive activity relative to 
mitochondrial structure and fimction. Such agents, presented with recommended daily doses in 
mitochondrial diseases include, but are not limited to, pyruvate (1 to 10 grams/day), Coenzyme 
Q (1 to 4mg/kg/day), alanine (1-10 grams/day), lipoic acid (1 to lOmg/kg/day), carnitine (10 to 
100 mg/kg/day), riboflavin (20 tolOO mg/day, biotin (1 to 10 mg/day), nicotinamide (20 to 100- 
mg/day), niacin (20 to 100 mg/day). Vitamin C (100 to lOOQmg/day), Vitamin E (200-400 
mg/day), and dichloroacetic acid or its salts. In the case of pyruvate, fliis active agent can be 
administered as pyruvic acid, phannaccutically acc^Jtable salts thereof, or pyruvic acid esters 
having an alcohol moiety containing 2 to 10 carbon atoms. 

D. Therapeutic Uses of the Compounds and Compositio ns of the Invention 

Diseases related to mitochondrial respiratory chain dysfunction can be divided into 
several categories based on tiie origin of mitochondrial defects. 

Congenital mitochondrial diseases are those related to hereditary mutations, deletions, or 
other defects in mitochondrial DNA or in nuclear genes regulating mitochondrial DNA 
integrity, or in nuclear genes encoding proteins that are critical for mitochondrial respiratory 
chain function. 

Acquired mitochondrial defects comprise primarily 1) damage to mitochondrial DNA 
due to oxidative processes or aging; 2)mitochondrial dysfunction due to excessive intracellular 
and intramitochondrial calcium accumulation; 3) inhibition of respiratory chain complexes with 
endogenous or exogenous respiratory chain inhibitors; 4) acute or chronic oxygen deficiency; 
and 5) impaired nuclear-mitochondria! interactions, e.g. impaired shuttling of mitochondria in 
long axons due to microtubule defects, and 6) expression of mitochondrial uncoupling proteins 
in response to lipids, oxidative damage or inflammation. 
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The most fundamental mechanisms invoh^ed in acquired mitochondrial defects, and 
which undralie pathogenesis of a variety of fonns of organ and tissue dysfimction, mchide: 

Cafcinm accumulation: A fundamental mechanism of cefl mjury, especially in excitable 
tissues, involves excessive calcium entry into cells, as a result of either leakage through the 
plasma memlaane or defects in intracellular calcium handling medianisms. Mitochondria are 
major sites of calcium sequestration, and preferentially utilize energy fiom the respiiatoiy chain 
for taking up caldum rather than for ATP synthesis, which results in a downward spiral of 
mitochondrial failure, since calcium uptake into mitochondria results in diminished capabiHties 
for energy transduction. 

Excitotoxiclty: Excessive stimulation of neurons with excitatory amino acids is a common 
mechanism of ceU death or injury in the central nervous system. Activation of glutamate 
receptors, especially of the subtype designated NMDA receptors, results in mitochondrial 
dysfunction, in part through elevation of intracellular calcium during excitotoxic stimulation. - 
Conversely, deficits in mitochondrial respiration and oxidative phosphorylation sensitizes cells 
to excitotoxic stimuli, resulting in cell death or injury during exposure to levels of excitotoxic 
neurotransmitters or toxins fliat would be innocuous to normal cells. 

Nitric oxide exposure: Nitric oxide (~1 micromolar) inhibits cytochrome oxidase (Complex 
IV) and thereby inhibits mitochondrial respiration (Brown GC, MoL Cell. Biochem.l74:189- 
1 92, 1997); moreover, prolonged exposure to NO irreversibly reduces Complex I activity. 
Physiological or pathophysiological concentrations of NO thereby inhftit pyrimidine 
biosynthesis. Nitric oxide is implicated in a variety of neurodegenerative disorders including 
inflammatory and autoimmune diseases of the central nervous system, and is involved in 
mediation of excitotoxic and post-hypoxic damage to neurons. 

Hypoxia: Oxygen is the temiinal electron acceptor in the respiratory chain. Oxygen deficiency 
impairs electron transport chain activity, resulting in diminished pyrimidine synthesis as well as 
diminished ATP synthesis via oxidative phosphorylation. Human cells proliferate and retain 
viability under virtually anaerobic conditions if provided with uridine and pyruvate (or a - 
similarly effective agent for oxidizing NADH to optimize glycolytic ATP production). 



<!IIR.QTrnrn: cucct mtii cnm 



wo 00/11952 



18 



PCT/US99/19725 



Nuclear-mitochondrial interactions: Transcription of mitochondrial DNA encoding 
respiratory chain components requires nuclear factors. In neuronal axons, mitochondria must 
shuttle back and forth to the nucleus in order to maintain respiratory chain activity. If axonal 
transport is unpaired by hypoxia or by drugs like taxol which afifect microtubule stability, 
mitochondria distant firam the nucleus undergo loss of cytochrome oxidase activity. 

Mitochondrial Uncoupling Proteins: Mitochondria are the primary source of free radicals and 
reactive oxygen ^cies, due to spillover from the mitodiondrial respiratory chain, e^cially 
when defects in one or more respiratory chain componaits impairs orderly transfer of elections 
from metabolic intermediates to molecular oxygen. To reduce oxidative damage, cells can 
compensate by expressmg mitochondrial uncoupling proteins (UCT), of which several have 
been identified. UCP-2 is transcribed in response to oxidative damage, inflanunatory cytokines, 
or excess lipid loads, e.g. fatty liver and steatoh^atitis. UCP reduce q)iIlovcr of reactive 
oxygen species from mitochondria by discharging proton gradients across the mitochondrial 
inner membrane, in effect wasting energy produced by metabolism and rendering cells 
vulnerable to energy stress as a trade-off for reduced oxidative injury. 

In the nervous system especially, mitochondrial respiratwy chain deficits have two 
generalizable consequences: 1) Delayed or aberrant development of netironal circuits within the 
nervous system; and 2) accelerated degeneration of neurons and neural circuits, either acutely or 
over a period of years, depending on the severity of the mitochondrial deficits and other- 
precipitating factors. Analogous patterns of unpaired development and accelerated 
degeneration pertain to non-neural tissues and systems as well. 

Mitochondrial dysfiinction and pyrimidine biosynthesis 

Cells with severely damaged mitochondria (mcluding total deletion of mitochondrial 
DNA, with a consequent shutdown of respiratory chain activity) can survive in culture if 
provided with two agents which compensate for critical mitochondrial fimctions: uridine and 
pyruvate. Uridine is required in vitro because a limiting enzyme for de novo synthesis of 
uridine nucleotides, dihydro-orotate dehydrogenase (DHODH), is coupled to the mitochondrial 
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respiratory chain, via ubiquinone as a proximal electron acceptor, cytochrome c as an 
intennediate, and oxygen as a terminal electron acceptor (Loffler et al., Mol. Cell. Biochem.- 
174:125-129, 1997). DHODH is required for synthesis of orotate, which is then 
phosphoribosylated and deca-boxylated to produce uridine monophosphate (IMP). All other 
pyrimidines in cells are dwived fiom UMP. Cells from patioits with mitochondrial disease due 
to defects in mitochondrial DNA require exogenous uridine in order to survive outside of the 
milieu of the body, whetem pyrimidines, daived from otiier cells or the diet, and transported 
via the circulation, are prima fecie sufficient to sitpport flieir viability (Bouigeron, et al. 
Neuromusc. Disord. 3:605-608, 1993). Significantly, intiaitional inhibition of DHODH with 
drugs like Brcquinar or Leflunomide results in dose-limitmg cytotoxic damage to the 
hematopoietic system and gastroiatestinal mucosa, in contrast to flie predominant involvement 
of postmitotic tissues like flie nervous system and muscle in clinical mitochondrial disease. 

Pathophysiological consequences of respiratory chain dysfimction 

Mitochondria are critical for the survival and propw function of akoost all types of 
eukaxyotic cells. Mitochondria in virtually any cell type can have congenital or acquired defects 
that affect their function. Thus, the clinically significant signs and symptoms of mitochondrial 
defects affecting respiratory chain fimction arc heterogeneous and variable dq)ending on the 
distribution of defective mitochondria among cells and the severity of iheir deficits, aaid upon 
physiological demands upon the affected cells. Nondividing tissues with high energy 
requirements, e.g. nervous tissue, skeletal muscle and cardiac muscle are particularly 
susceptible to mitochondrial respiratory chain dysfunction, but any organ system can be 
affected. 

The diseases and symptoms listed below comprise known pathophysiological 
consequences of mitochondrial respiratory chain dysfimction and as such are disorders in which 
the compounds and compositions of the invention have therapeutic utility. 

Disease symptoms secondary to mitochondrial dysfimction are generally attributed to 1) 
spillover of free radicals from the respiratory chain; 2) deficits in ATP synthesis leading to 
cellular energy feilure, or 3) a^)optosis triggered by release of mitochondrial signals like 
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cytochrome c which initiate or mediate ^optosis cascades. An unexpected feature of the instant 
invention is the observation that pyrimidiae nucleotide precursors of the invention have 
therapeutic activity against a large variety of symptoms in patients with mitochondria] disease, 
as shown in the Examples. This constitutes an important paradigm shift in the understanding of 
pathogenesis of diseases involving mitochondrial dysfunction, and in understanding how to 
treat such disorders. 

TreatTOfflt pf cowenital mitochon(frial cytopathjes 

Mitochondrial DNA defects 

A number of clinical syndromes have been linked to mutations or deletions in 
mitochondrial DNA. Mitochondrial DNA is inherited maternally, with virtually all of the 
mitochondria in the body derived &om those provided by the oocyte. If th^s is a mixture of 
defective and nannal mitochondria in an oocyte, the distribution and segregation of 
mitochondria is a stochastic process. Thus, mitochondrial diseases are often multisystem 
disorders, and a particular point mutation in mitochondrial DNA, for example, can result in 
dissimilar sets of signs and symptoms in different patients. Conveasely, mutations in two 
different genes in mitochondrial DNA can result in similar symptom complexes. 

Nonetheless, some consistent symptom patterns have emerged in conjunction with 
identified mitochondrial DNA defects, and these comprise the classic "mitochondrial diseases", 
some of which are listed immediately below. Nonetheless, an important aspect of the subject 
invention is the recognition that the concept of mitochondrial disease and its treatment with 
compounds and compositions of the invention extends to many other disease conditions which 
are also disclosed herein. 

Some of the classical phenotypes of major mitochondrial diseases associated with 
mutations or deletions of mitochondrial DNA include: 
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MELAS: (Mitochondrial Encqphalomyopattiy Lactic Acidemia, and Stroke-like episodes. 
MERRF: Myoclonic EpUepsy with "Ragged Red" (nmscle) Fibers 
MNGIE: Mitochondrial neurogastrointestinal encephalomyopathy 
NARP: Neurogenic muscle weakness, Ataxia and Retinitis Pigmentosa 

LHON: Leber's Hereditary Optic Neuropathy 

Leigh's Syndrome (Subacute Necrotizing Encephalorayopathy) 

PEO: Progressive External Opthahnoplegia 

Keams-Sayres Syndrome (PEO, pigmentary retinopathy, ataxia, and heart-block) 

Other common symptoms of mitochondrial diseases which may be present alone or in 
conjunction with these syndromes include cardiomyopafliy, muscle weakness and atrophy, 
developmental delays(invoiving motor, language, cognitive or executive function),ataxia, 
epilepsy, renal tubular acidosis, peripheral neuropathy,optic neuropathy, autonomic neuropathy, 
neurogenic bowel dysfunction, sensorineural dea&ess, neurogenic bladder dysfunction, dilatmg 
cardiomyopathy, migraine, hepatic failure, lactic acidemia, and diabetes mellitus. 

In addition, gesne products and tRNA encoded by mitochondrial DNA, many proteins 
involved in, or affecting, mitochondrial respiration and oxidative phosphorylation are encoded 
by nuclear DNA In fact, approximately 3000 proteins, or 20% of all proteins encoded by the 
nuclear genome, are physically incorporated into, or associated with, mitochondria and 
mitochondrial flmctions or biogenesis, although only about 100 are directly involved as 
structural components of the respiratory chain. Therefore, mitochondrial diseases involve not 
only gene products of mitochondrial DNA but also nuclear encoded proteins affecting 
respiratory chain function and mitochondrial structure. 
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Metabolic stressors like infections can unmask mitochondrial defects that do not 
necessarily yield symptoms under nonnal conditions. Neuromuscular or neurological setbacks 
during infection are a hallmark of mitochondrial disease. Conversely, mitochondrial respiratory 
chain dysfunction can rendo- cells vulnerable to stressors that would otherwise be innocuous. 

Diagnosis of congoiital mitochondrial disease is challenging, due to the heterogeneity of 
symptoms, even between patients affected with the same molecular defect. Deficits in cell and 
tissue function due to mitochondrial dysfunction can mimic tissue dysfunction caused by 
problems that do not directly involve mitochondrial defects. Sev^ clinically useful and 
practical schemes for diagnosis of mitochondrial diseases are known in the art; they typically 
involve several major criteria (e.g. classical clinical phenotypes like MELAS, NARP or Leigh's 
Syndrome, extreme (>80%) depressions of respiratory chain con^lex activity in fresh tissue 
samples) with a good degree of certainty in establishing the role of respiratory chain 
dysfunction in disease pathogenesis, and a larger number of minor criteria (e.g. moderate 
biochemical abnormalities characteristic of respiratory chain defects, symptoms characteristic 
of mitochondrial diseases without full presentation of one of the classical phenotypes listed 
above) which individually are less compelling than single m^or criteria, but which 
cumulatively provide strong evidence for the contribution of respiratory chain deficits to a 
particular patient's clinical presentation, as described in Walker et al. (Eur Neurol, 36:260-7, 
1996), hereby incorporated by reference. 

As is demonstrated in the Examples, compounds and compositions of the invention are 
usefiil for treatment of a very broad spectrum of signs and sj^nptoms in mitochondrial diseases 
with different underlying molecular pathologies. Improvements observed in these and 
additional patients include but are not limited to reduction of frequency and severity of seizures, 
migraines, and stroke-like episodes, improvement of weight gain in children with "failure to 
thrive", amelioration of renal tubular acidosis with concurrent reduction in the need for 
supplementary bicarbonate, improvement of muscular strength, improvement of speech 
acquisition, improvement of ataxia, reduction of the frequency and severity of smus and ear 
infections, improvement of memory, and amelioration of symptoms of autonomic and 
peripheral nem'opathy. The improvements observed in a broad variety of symptoms which wwe 
basically nonresponsive to other forms of metabolic support, e.g. vitamins and cofactors known 
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to be necessary for proper mitochondrial function {winch argues against attribution of benefits 
to a placebo effect, as does recunaice of symptoms when pyrimidine support is -withdrawn) 
demonstrate a major unexpected insight of the invention, that functional or conditional 
pyrimidine deficiency underlies a wide variety of dominant symptoms in patients with 
mitochondrial diseases and that pyiimidine supplementaticm is sufBcent to improve or 
ameliorate a broad variety of symptoms in such patioits. Hitherto, symptoms of mitochondrial 
disease have been attributed to ATT defidoicy, reactive oxygen species generated by the 
defective respiratory chain, or to cell death triggered by mitochondrial components of the 
j^optosis cascade. The dose limiting toxicity of inhibitors of de novo pyrimidine synthesis are 
typically due to inhibition of proliferation of rapidly dividing cell types like bone marrow and 
gut mucosal stem cells. Unexpectedly, tfaer^eutic benefits of compomids and methods of the 
invention in patients and ejq)erimental animals have been demonstrated in tissues comprising 
nondividing postmitotic cells, e.g. central and peripheral neurons and skeletal and cardiac 
muscle. 

An important feature of the subject invention is the unexpected result that treatment of 
patients with mitochondrial disease caused by a variety of underlying molecular defects results 
in clinical improvement in a diverse assortment of symptoms in vivo in patients (Examples 1-4). 
It is significant and fiirther vmexpected that clinical benefit has been observed even in patients 
with normal activity of tiie two respiratory chain complexes (HI and IV) that are directly 
involved in the electron transfers specifically required for pyrimidine biosynthesis. 

Furthermore, it is an unexpected and an important aspect of the invention that higher 
doses of pyrimidine nucleotide precursors of the invention are typically required for optimal 
treatment effects in patients with mitochondrial cytopathies than are required for adequate 
treatment of patients with a virtually complete block in de novo pyrimidine synthesis, e.g. 
homozygotes for Type I orotic aciduria. Optimum doses of a compound of the invention, e.g. 
triacetyluridine (which is efficiently absorbed after oral administration), for treatment of 
congenital mitochondrial disease in children are in the range of 1 to 6 grams per of body 
surface area (50 to 300 mg/kg, advantageously 100 to 300 mg/kg), whereas total daily de novo 
synthesis of pyrimidines is !5>proximateIy one gram per day in adults (about 0.5 gram/m^). 
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Hie broad applicability of the methods of the invention are unexpected and set the 
compounds and compositions of the invention ^art ftom otiier therapies of mitochondrial 
disease that have been attempted e.g. Coenzyme Q, B vitamins, carnitine, and lipoic acid, 
which generally address very specific reactions and cofactors involved in mitochondrial 
fimction and which are therefore usefiil only in isolated cases. However, such metaboUc 
interventions with antioxidants and cofactors of respiratory cham complexes are compatible 
with concurrait treatment wilHa. compounds and compositions of the invention, and m fact are 
used to then: best advantage in combination with compounds and compositions of the invention. 

Treatment o f neuromuscular degenerative disorders 

Friedreich 's Ataxia 

A gene defect underlying Friedreich's Ataxia (FA), the most common hereditary ataxia, 
was recently identified and is designated "frataxin". In FA, after a period of normal - 
development, deficits in coordination develop which progress to paralysis and death, typically 
between the ages of 30 and 40. The tissues affected most severely are the spinal cord, peripheral 
nerves, myocardium, and pancreas. Patients typically lose motor control and are confined to 
wheel chairs, and are commonly afflicted with heart failure and diabetes. 

The genetic basis for FA involves GAA trinucleotide repeats in an intron region of the 
gene encoding frataxin. The presence of these repeats resuhs in reduced transcription and 
expression of the gene. Frataxin is involved in regulation of mitochondrial iron content. When 
celhdar frataxin content is subnormal, excess iron accumulates in mitochondria, promoting 
oxidative damage and consequent mitochondrial degeneration and dysfimction. 

When intermecUate numbors of GAA repeats are present in the frataxin gene intron, the 
severe clinical phenotype of ataxia may not develop. However, these intermediate-length 
trinucleotide extensions are found in 25 to 30% of patients with non-insuhn dqpendent diabetes 
mellitus, compared to about 5% of the nondiabetic population. 
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Compounds and compositions of tiie invention are usefiil for treating patients with 
disorders related to deficiencies or defects in frataxin, including Friedreich's Ataxia, 
myocardial dysfimction, diabetes mellitus and compUcations of diabetes like peripheral 
neuropathy. Conversely, diagnostic tests for presumed frataxin deficiencies involving PCR 
tests for GAA intron repeats arc usefid for identifying patients who will benefit from treatment 
with compounds and compositions of the mvention. 

Muscular Dystrophy 

Muscular dystrophy refers to a family of diseases involving deterioration of 
neuromuscular structure and function, often resulting in atrophy of skeletal muscle and 
myocardial dysfunction. In the case of Duchenne muscular dystrophy, mutations or deficits in a 
specific protein, dystrophin, are implicated in its etiology. Mice with their dystrophin genes 
inactivated display some characteristics of muscular dystrophy, and have an approximately 50% 
deficit in mitochondrial respiratoiy chain activity. A final common pathway for neuromuscular 
degeneration in most cases is calcium-mediated impairment of mitodiondrial fimction. 
Compounds and compositions of the invention are useflil for reducing the rate of decline in 
muscular functional capacities and for improving muscular fimctional status in patients with 
muscular dystrophy. 



Multiple sclerosis 

Multiple sclerosis (MS) is a neuromuscular disease characterized by focal inflammatory 
and autoimmune degeneration of cerebral white matter. Periodic exacerbations or attacks are 
significantly correlated with upper respiratory tract and other infections, both bacterial and 
viral, indicating that mitochondrial dysfimction plays a role in MS. Depression of neuronal 
mitochondrial respiratory chain activity caused by Nitric Oxide (produced by astrocytes and 
other cells involved in inflammation) is implicated as a molecular mechanism contributing to 
MS. 

Compounds and compositions of the invention are usefiil for treatment of patients with 
multiple sclerosis, both prophylactically and during episodes of disease exacerbation. 
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Treatment of disorders of ne uronal instability 

Treatment of seizure disorders 

Epilepsy is often present in patients with mitochondrial cytopathies, involving a range of 
seizure severity and fiequency, e.g. absence, tonic, atonic, myoclonic, and status ^ilepticus, 
occurring in isolated episodes or many times daily. 

In patients with seizures secondary to mitochondrial dysfimction, compounds and 
mefhods of the invention are useful for reducing frequency and severity of seizure activity. 

Treatment and prevention of migraine 

Metabolic studies on patients with recurrent migraine headaches indicate that deticits m 
mitochondrial activity are commonly associated with this disorder, manifesting as impaired - 
oxidative phosphorylation and excess lactate production. Such deficits are not necessarily due 
to genetic defects in mitochondrial DNA. Migraineurs are hypersaisitive to nitric oxide, an 
endogenous inhibitor of Cytochrome c Oxidase. In addition, patiaats with mitochondrial 
cytopathies, e.g. MELAS, often have recunent migraines. 

In patients witii recurrent migraine headaches, compounds, compositions, and methods 
of the invention are usefiil for prevention and treatment, especiaUy in the case of headaches 
refractory to ergot compounds or serotonin receptor antagonists. 

As demonstrated in Example 1, compounds and compositions of the invention are useful 
for treatment of migraines associate with mitochondrial dysfimction. 

Treatment of developmental delay 

Delays in neurological or neuropsychological development are often found in children 
with mitochondrial diseases. Development and remodeling of neural connections requires 
intensive biosynthetic activity, particularly involving synthesis of neuronal membranes and 
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myelin, both of which require pyrimidine mtcleotides as co&ctors. Undine nucleotides are 
involved inactivation and transfer of sugars to glycolipids and glycoproteins. Cytidine 
nucleotides are derived from uridine nucleotides, and are crucial for synthesis of major 
membrane phospholipid constituaats like phosphatidyldioline, which receives its choline 
moiety from cytidine diphosphocholine. In the case of mitodKindrial dysfunction (due to 
either mitochondrial DNA defects or any of the acquired or conditional deficits like exicitoxic 
or nitric oxide-mediated mitochondrial dysfitnction described above) or otbsx conditions 
resulting in impaired pyrimidine synthesis, cell proliferation and axonai extension is impaired at 
mtcial stages in development of neuronal interconnections and circuits, resulting in delayed or 
arrested developmrait of neuropsychological functions likdanguage, motor, social, executive 
function, and cognitive skills. In autism for example, magnetic resonance spectroscopy 
measurements of cerebral phosphate compounds indicates that there is global imdersynthesis of 
membranes and membrane precursors indicated by reduced levels of uridine diphospho-sugais, 
and cytidine nucleotide derivatives bvolved in membrane synthesis(Minshew et al., Biological 
Psychiatry 33:762-773, 1993). 

Disorders characterized by developmental delay mclude Rett's Syndrome, pervasive 
developmental delay (or PDD-NOS: "pervasive developmental delay - not otherwise specified" 
to distinguish it from specific subcategories like autism), autism, Asperger's Syndrome, and 
Attention Deficit/Hyperacdvity Disorder(ADHD), which is becommg recognized as a delay or 
lag in development of neural circuitry underlying executive fimctions. 

Compounds and compositions of the invention are usefiil for treating patients with 
neurodevelopmental delays involving motor, language, executive fimction, and cognitive skills. 
Current treatments for such conditions, e.g. ADHD, involve amphetamine-like stimulants that 
enhance neurotransmission in some affected underdeveloped circuits, but such agents, which 
may improve control of disruptive behaviors, do not hiqirove cognitive function, as they do not 
address underlying deficits in the stmcture and interconnectedness of the implicated neural 
circuits. 
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Compounds and compositions of the invention are also useful in the case of other delays 
or arrests of neurological and neuropsychological development in the nervous system and 
somatic development in ncHi-neural tissues like muscle and aidocrine glands. 

Treatment of neurodegenerative disorders 

The two most significant severe neurodegMierative diseases associated with aging, 
Alzheimer's Disease (AD) and Parkinson's Disease (PD), both involve mitochondrial 
dysfunction in their paftogenesis. Complex I deficiencies in particular are frequentiy found not 
only in the nigrostriatal neurons that degenerate m Parkinson's disease, but also in peripheral 
tissues and cells like muscle and platelets of Parkinson's Disease patients. 

In Alzheimer's Disease, mitochondrial respiratory chain activity is oftai depressed, 
especially Complex IV (Cytochrome c Oxidase). Moreover, mitochondria! respiratory 
fimction altogether is depressed as a consequence of aging, finlher amplifying the deleterious 
sequelae of additional molecular lesions affecting respiratory chain fimction. 

Other factors in addition to primary mitochondrial dysfunction underlie 
neurodegeneration in AD, PD, and related disorders. Excitotoxic stimulation and nitiic oxide 
are implicated in both diseases, factors which both exacerbate mitochondrial respiratory chain 
deficits and whose deleterious actions are exaggerated on a background of respiratory chain 
dysfunction. 

Huntington's Disease also involves mitochondrial dysfimction in affected brain regions, 
with cooperative interactions of excitotoxic stimulation and mitochondrial dysfunction 
contributing to neuronal degeneration. In example 8, a compound of the invention, 
triacetyluridine, prevents neuronal cell death in a murine model of Huntington's disease. 

Compounds and compositions of the invention are useful for treating and attenuating 
progression of age-related neurodegenerative disease including AD and PD. 
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Amyotrophic lateral sclerosis 

One of die major genetic defects in patients with AmyoHophic Lateral Sclerosis (ALS; 
Lou Gehrig's Disease; progressive degeneration of motor neurons, skeletal muscle atrophy, 
inevitably leading to paralysis and death) is mutation or deficiency in Copper-Zinc Superoxide 
Dismutase (SODl). an antioxidant enzyme. Mitochondria both produce and are primary targets 
for reactive oxygen species. IhcfBcient transfer of elections to oxygen m mitochondria is die 
most significant physiological source of free radicals in mammalian systems. Deficiencies in 
antioxidants or antioxidant enzymes can result in or exac«hate mitochondrial degeneration. 
Mice transgenic for mutated SODl develop symptoms and pathology similar to those inhuman 
ALS. Tlie development of the disease in these animals has been shown to involve oxidative 
destruction of mitochondriafollowedby functional decline of motor neurons and onset of - 
clinical symptoms (Kong and Xu, J. Neurosci. 1 8:3241-3250, 1998). Skeletal muscle from ALS 
patients has low mitochondrial Complex I activity (Wiedemami et al., J. NemoL Sci 1 56:65-72, 
1998). 

Compounds, compositions, and methods of the invention are usefiJ for treatment of 
ALS, for reversing or slowing the progression of clinical symptoms. 

Protection against ischemia and hypoxia 

Oxygen deficiency results in both direct inhibition of mitochondrial respiratory chain 
activity by depriving cells of a terminal electron acceptor for Cytochrome c reoxidation at 
Complex IV, and indirectly, especially in the nervous system, via secondary post-anoxic 
excitotoxicity and nitric oxide fonnation. 

In conditions Uke cerebral anoxia, angina or sickle cell anemia crises, tissues are 
relatively hypoxic. In such cases, compounds of the invention provide protection of affected 
tissues from deleterious effects of hypoxia, attenuate secondary delayed ceU death, and 
accelerate recovery from hypoxic tissue stress and injury. 
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Compounds and compositions of the invention are usefol for preventing delayed ceU 
death (apoptosis in regions like the hippocampus or cortex occurring about 2 to 5 days after an 
episode of cerebral ischemia) after ischemic or hypoxic insult to the brain. 

Renal tubular acidosis 

Acidosis due to renal dysfunction is often observed inpatients with mitochondrial 
disease, whether the underlying respiratory chain dysfunction is congenital or induced by - 
ischemia or cytotoxic agents like cisplatin. Renal tubular acidosis often requires administration 
of exogenous sodium bicarbonate to maintain blood and tissue pH. 

In Example 3, administration of a compound of the invention caused an immediate 
reversal of renal mbular acidosis in a patient with a severe Complex I deficiency. Compounds 
and compositions of the invention are useful for treating renal tubular acidosis and uuicx fuxm. 
of renal dysfimction caused by mitochondrial respiratory cham deficits. 

Age-related neurodegeneration and cognitive decline 

During normal aging, there is a progressive decline in mitochondrial respiratory chain 
function. Beginning about age 40, there is an exponential rise in accumulation of mitochondrial 
DNA defects in humans, and a concurrent decline in nuclear-regulated elements of 
mitochondrial respiratory activity. 

de Grey (Bioessays, 19:161-167, 1998) discussed mechanisms underlying the 
observation that many mitochondrial DNA lesions have a selection advantage during 
mitochondrial turnover, especially in postmitotic cells. The proposed mechanism is that 
mitochondria with a defective respiratory chain produce less oxidative damage to themselves 
than do mitochondria with intact fiinctional respiratory chains (mitochondrial respiration is the 
primary source of fiee radicals in the body). Therefore, normally-functiomng mitochondria 
accumulate oxidative damage to membrane lipids more rapidly tiian do defective mitochondria, 
and are therefore "tagged" for degradation by lysosomes. Since mitochondria within cells have 
a half life of about 10 days, a selection advantage can result in rapid replacement of functional - 
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mitochondria with those with diminished respiratory activity, especially in slowly dividing 
cells. The net resuh is that once a mutation in a gene for a mitochondrial protem that reduces 
oxidative damage to mitochondria occurs, such defective mitochondria will rapidly populate the 
cell, dirainisiung or eliminating its respiratory capabilities. The accumulation of such cells 
results in aging or degenerative disease at the organismal level. This is consistent with the 
progressive mosaic appearance of ceUs wifli defective electron transport activity in muscle, wifli 
cells ahnost devoid of Cytochrome c Oxidase (COX) activity interq)ersed randomly amidst 
cells with nonnal activity, and a higher incidence of COX-negative cells in biopsies from older 
subjects. The organism, during agmg, or in a variety of mitochondrial diseases, is thus faced 
with a situation in which irreplaceable postmitotic cells (e.g. neurons, skeletal and cardiac 
muscle) must be preserved and their fimction maintained to a significant degree, in the face of 
an inexorable progressive decline in mitochondrial respiratory chain function. Neurons with 
dysfiinctional mitochondria become progressively more sensitive to insults like excitotoxic 
injury. Mitochondrial failure contributes to most degenerative diseases {especially 
neurodegeneration) that accompany aging. 

Congenital mitochondrial diseases often involve early-onset neurodegeaieration similar 
in fundamental mechanism to disorders that occur during aging of people bom with normal 
mitochondria. The danonstration disclosed in the Examples Hiat compounds and compositions 
of the invention are useful in treatment of congenital or early-onset mitochondrial disease 
provides direct support for the utility of compounds and compositions of the invention far 
treatment of age-related tissue degeneration. 

Compounds and compositions of the invention are useful for treating or attenuating 
cognitive decline and other degenerative consequences of ag^ng. 

Mitochondria and cancer chemotherapy 

Mitochondrial DNA is typically more vuhierable to damage than is nuclear DNA for 
several reasons: 
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1 . Mitochondrial DNA has a less sophisticated repair system than does nuclear DNA. 

2.. Virtually all of the mitochondrial DNA strands encode important proteins, so that any defect 
will potentially affect mitochondrial function. Nuclear DNA contains long regions that do 
not encode proteins, wherein mutations or damage are essentially inconsequential. 

3. Defective mitochondria often have a selection advantage over noitnal, active ones during 
proliferation and turnover. 

4. Mitochondrial DNA is not protected by histones 

Empirically, mitochondrial DNA damage is more extensive and persists longer than nuclear 
DNA damage in cells subjected to oxidative stress or cancer chemotherapy agents like cisplatin 
due to both greater vulnerability and less efficient lepsa ot mitocnondriai IiNA. Aiibough 
mitochondrial DNA may be more sensitive to damage lhan nuclear DNA, it is relatively 
resistantjin some situations, to mutagenesis by chemical carcinogens. This is because 
mitochondria respond to some types of mitochondrial DNA damage by destroying their 
defective genomes rather than attempting to repair them. This results in global mitochondrial 
dysfunction for a period after cytotoxic chemotherapy. Clinical use of chemotherapy agents 
like cisplatin, mitomycin, and Cytoxan is often accompanied by debilitating "chemotherapy 
fatigue", prolonged periods of weakness and exercise intolerance which may persist even after 
recovery from hematologic and gastrointestinal toxicities of such agents. 

Compounds, compositions, and methods of the invention are useful for treatment and 
prevention of side effects of cancer chemotherapy related to mitochondrial dysfunction. This 
use of pyrimidine nucleotide precursors for attenuation of cancer chemotherapy side effects is 
mechanistically and biochemically distinct from toxicity reduction of cytotoxic anticancer - 
pyrimidine analogs by pyrimidine nucleotide precursors, which is mediated though 
biochemical competition at the level of nucleotide antimetabolites. 

Example 5 illustrates the protective effect of oral triacetyluridine in protecting against 
taxol-induced neuropathy. 
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Furthermore, hepatic mitochondrial redox state is one contributor to appetite regulation. 
Cancer patients often display "early satiety", contributing to anorexia, weight loss, and 
cachexia. Energy metabolism is often seriously disrupted in cancer patients, with energy- 
wasting futile cycles of hyperactive liimor glycolysis producing circulating lactate, which is 
converted by the Kver back to glucose. Chemotherapy-induced mitochondrial injury further 
contributes to metabolic disruption. 

As indicated in Example 2, treatment with a compound of die invention resulted in 
improved appetite in a patient with mitochondrial disease. 

Mitochondria and ovarian ftmction 

A crucial fimction of the ovary is to maintain integrity of the mitochondrial genome in 
oocytes, since mitochondria passed onto a fetus are all derived from those present in oocytes at 
the time of conception. Deletions in mitochondrial DNA become detectable around the age of 
menopause, and are also associated with abnormal menstrual cycles. Since cells cannot 
directly detect and respond to defects in mitochondrial DNA, but can only detect secondary 
effects that affect the cytoplasm, like impaired respiration, redox status, or deficits in 
pyrimidine synthesis, such products of mitochondrial fimction participate as a signal for oocyte 
selection and follicular atresia, ultimately triggering menopause when maintenance of 
mitochondrial genomic fidelity and functional activity can no longer be guaranteed. This is 
analogous to apoptosis in cells with DNA damage, which undergo an active process of cellular 
suicide when genomic fidelity can no longer be achieved by re?>air processes. Women with 
mitochondrial cytopathies affecting the gonads often undergo premature menopausfe or display 
primary cycling abnormalities. Cytotoxic cancer chemotherapy often induces premature 
menopause, with a consequent increased risk of osteoporosis. Chemotherapy-induced 
amenorrhea is generally due to primary ovarian failure. The incidence of chemotherapy- 
induced amenorrhea increases as a function of age in premenopausal women receiving 
chemotherapy, pointing toward mitochondrial involvement. Inhibitors of mitochondrial 
respiration or protein synthesis inhibit honnone-induced ovulation, and furthermore inhibit 
production of ovarian steroid horaiones in response to pituitary gonadotropins. Women with 
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Downs syndrome typically undergo menopause prematurely, and also are subject to early onset 
of Alzheimer-like dementia. Low activity of cytochrome oxidase is consistently found m 
tissues of Downs patients and in late-onset Alzheimer's Disease. 

Appropriate support of mitochondrial fimction or compensation for mitochondrial 
dys&nction therefore is usefiil for protecting against age-related or chemotherapy-mduced 
menopause or irregularities of menstrual cycUng or ovulation. Compounds and compositions of 
Ihe invention, including also antioxidants and mitochondrial cofectors, are use&l for treating 
and preventing amenonbea, irregular ovulation, menopause, or secondary consequences of 
menopause. 

In Example 1, treatment with a compound of the invention resulted in shortening of the 
menstrual cycle. Since the patient was in a persistent luteal phase, her response indicates that 
the administered pyrimidine nucleotide precursor reversed hypore^onsiveness to pituitary 
gonadotropins, which were presumably elevated to compensate for the ovarian 
hyporesponsiveness of mitochondrial origin. 

Diagnosis of mitochondrial disease 

The striking response of patients with mitochondrial disease to administration of 
compounds of the invention indicates that a clinical response to a pyrimidine nucleotide 
precursor administered according to the methods of the subject invention has diagnostic utility 
to detect possible mitochondrial disease. Molecular diagnosis of molecular lesions underlying 
mitochondrial dysfimction is difficult and costly, especially when the defect is not one of the 
more common mutations or deletions of mitochondnal DNA. Definitive diagnosis of 
mitochondrial disease often requires muscle biopsies, but even this invasive measure only 
works if mitochondrial defects are present in muscle. Since the compounds and compositions 
of the invention are safe when administered in accord with the methods of the subject invention, 
therapeutic challenge with a pyrimidine nucleotide precursor is an important diagnostic probe 
for suspected mitochondrial disease, especially when used in conjunction with tests for various 
other aspects of mitochondrial dysfunction. 
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For diagnosis of congenital mitochondrial cytopathy, daily doses of 50 to 300 mgflcg of 
a pyrimidine nucleotide precursor of the invention are administered to a patient for a period of 
one to twelve weeks and clinical signs and symptoms are monitored for changes. .LnprDvemetrts 
observed in the patients described in the Examples and additional patients include but are not 
limited to reduction of frequency and severity of seizures, migraines, and stroke-like episodes, 
improvement of weight gain in children with "Mure to thrive", amelioration of renal tubular 
acidosis with concuirent reduction in the need for supplementary bicarbonate, improvement of 
muscular strength, improvement of speech acquisition, improvement of ataxia, improvement of 
hypotonia, reduction of the frequency and severity of sinus and ear infections, improvement of 
memory, and amelioration of symptoms of autonomic and peripheral neuropathy, hi one 
embodiment of the invention, other tests of mitochondrial function are also used to provide 
evidence for diagnosis of mitochondrial disease. Diagnosis typically requires cumulative 
consideration of a number of corroborative tests with differing degrees of reliabiUty, as 
described in Walker et al. (EurNeuroL, 36:260-7, 1996). Therapeutic responsiveness to a 
pyrimidine nucleotide precuisor of the mvention is primarily useful as an additional minor 
criterion in this diagnostic scheme, since it is possible that therapeutic benefits may occur after 
administration of pyrimidine nucleotide precursors that are not mediated solely by 
compensation for respiratory chain deficits. Since the nature and severity of symptoms of 
mitochondrial diseases are heterogeneous and variable between patients. eflBcacy of exogenous 
pyrimidine nucleotide precursors is typically assessed by selecting dominant symptoms in a 
patient and monitoring their severity with as quantitative a scale as is feasible during a course of 
ther^y. If a possible placebo effect is suspected, blinded switching of the patient from drug to 
an appropriate placebo is optionally used in an individual patient Assessment of clinical 
benefit can require considerable skill and experience, but such skill is m the province of 
practitioners of the art of treating patients with multisystem metabolic diseases, and as such 
does not constitute undue experimentation, in view of the severity of this class of diseases. The 
examples cited below of clinical treatment of patients with mitochondrial diseases with 
triacetyluridine, a compound of die invention, exempUfy the feasibihty of detennining clinical 
benefit in individual patients. 
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E. Administration and Formulation of Compounds and Compositions of the Invention 

In the case of all of the specific therapeutic targets for pyiimidine nucleotide precxirsor 
therapy of mitochondrial disease, compounds of Ihe invention are typically administered one to 
three times per day. Acyl derivatives of uridine and cytidine are administered orally in doses of 
10 to 500 mg/kg of body weight per day, with variations within this range dependmg on the 
amount required for optimal clinical benefit. Generally, optimum doses are between 50 and 300 
mg/kg/day (advantageously 100 to 300 mg/kg/day), divided into two or three separate doses 
taken 6 to 12 hours apart. Uridine and cytit^e are less efficiraitly absorbed than are acyl 
derivatives of these two nucleosides, so that higher doses are required for therapeutic baiefit 
comparable to tiiat achieved with acyl derivatives. Osmotic diarrhea limits the amount of 
uridine or cytidine (or other derivatives like cytidine diphosphocholine) that can be 
administered to a patient, so that in most cases acyl derivatives of cytidine and uridine are more 
effective than the parent compounds, with fewer side effects. Doses of cytidine and uridine 
used to accomplish the purposes of the invention range fiom 50 to 1000 mg/kg/day, 
advantageously 100 to 1000 mg/kg/day, depending on the balance beween therapeutic efficacy 
and tolerability. Orotate or alcohol esters of orotate are administered orally in doses ranging 
fiom 20 to 200 mg/kg/day, again depending on the amount needed to achieve an optimal 
therapeutic effect in a particular disease state involving mitochondrial respiratory chain 
dysfimction. The dose of pyrimidine nucleotide precursor of tiie invmtion required for a 
particular disease or patient will also depend in part on the severity of the disease. 

In any individual patient with a disease characterized or caused by mitochondrial 
dysfimction, an effective dose of a pyrimidine nucleotide precursor of the invention is typically 
determined empirically. In congenital mitochondrial diseases, also known as mitochondrial 
cytopathies or mitochondrial encephalomyopathies, the clinical presentation of signs and 
symptoms is generally heterogeneous and variable between patients. Clinical benefit following 
administration of a compound of the invention is determined by monitoring a set of symptoms 
and assessing their severity over time, e.g. at monthly intervals. Three to five dominant 
symptoms are selected for this purpose, and the degree of amelioration judged to constitute 
clinical benefit is often a matter of clinical judgment. In treatment of patients with complex 
metabolic disorders, such assessment does not constitiite undue burden of experimentation. 
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especially given the severity (often life threatening) of mitochondrial cytopathies and the costly 
nature of their care. Compensation for mitochondrial or other metabolic defects as early as 
possible m the patients hfe can make a very large difference versus intervention after 
development of the brain and body achieves stasis after puberty. It is therefore worthwhile for 
considerable effort to be expended on diagnosis and treatment of complex metabolic diseases, 
especially in developing children. The examples cited below of clinical improvement following 
administration of a compound of the invention to patients with mitochondrial diseases 
demonstrate the feasibility and value of such treatment and assessment 

In the case of most diseases with less heterogeneity in clinical presentation than 
mitochondrial disease, tiiere exist in the art appropriate validated assessment scales for 
determining eflScacy of drug treatments. Prior to conducting clinical studies to determine die 
doses of pyrimidine nucleotide precursors of the invention for treatment of die disease 
conditions disclosed in the instant specification, ^jpropriatc doses for individual patients are 
detennined by evaluating clinical response (including brain MRI images and other indices, e.g. 
biochemical measurements, that may not necessarily be clmically apparent simply by 
observation of the patient's symptoms) according to quantitative disease assessment scales. In 
all cases, the dominant symptoms of a particular disease state are monitored over time to 
determine whether an improvanent of signs and symptoms or attenuation of clinical decline 
occurs, as is common in the art of medicine. Prior to dose determination in blinded clinical 
studies, the response of a given patient to a pyrimidine nucleotide precursor of the invention is 
be differentiated from a possible placebo effect simply by blinded switchover fiom drug to 
placebo for a period of several weeks. 

In the case of patients unable to receive oral medications, compounds of the invention, 
especially uridine, cytidine, and orotate esters can be administered, as required, by prolonged 
intravenous infusion, delivering daily doses of 10 to 500 mg/kg/day. 

The pharmacologically active compounds optionally are combined with suitable 
pharmaceutically acceptable carriers comprising excipients and auxiliaries which facilitate 
processing of the active compounds. These are administered as tablets, suspensions, solutions, 
dragees, capsules, or suppositories. The compositions are administered for example orally, 
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rectally, vaginally, or released through the buccal pouch of the mouth, and may be applied in 
solution fonn by injection, orally or by topical administration. The compositions may contain 
from aboutO.l to 99 percent, preferably from about 50 to 90 percaat of the active compound(s), 
together with tiie excipiHit(s). 

For parenteral administration by injection or intravenous infusion, the active compounds 
are suspended or dissolved m aqueous medium such as sterile water or saline solution. - 
Injectable solutions or suspensions optionally contain a surfactant agent such as 
polyoxyethylenesorbitan esters, sorbitaa esters, polyoxyethylene ethers, or solubilizing agents 
like propylene glycol or ethanol. The solution typically containsO.Ol to 5% of ±e active 
compounds. 

Suitable excipiraits include fillers such as sugars, for example lactose, sucrose, mannitol 
or soibitol, cellulose preparations and/or calcium phosphates, tor example mcaicium phosphaie 
or calcium hydrogen phosphaie, as well as bmders such as starch paste, using, for example, 
maize starch, wheat starch, rice starch or potato standi, gelatin, tragacanlh, methyl cellulose, 
hydroxypropylmethyl cellulose, sodium carboxymefhyl cellulose and/or polyvinyl pynolidooe. 

Auxiliaries include flow-regulating agents and lubricants, for exainple, silica, talc, 
stearic acid or salts thereof, such as magnesium stearate or calcium stearate and/or 
polyethylene glycol. Dragee cores are provided with suitable coatings which, if desired, are 
resistant to gastric juices. For this purpose, concentrated sugar solutions are used, which 
optionally contain gum arabic, talc, polyvinyl pyirolidone, polyethylene glycol and/or titanium 
dioxide, lacquer solutions and suitable organic solvents or solvent mixtures. In order to produce 
coatings resistant to gastric juices, solutions of suitable cellulose preparations such as acetyl 
cellulose phthalate or hydroxypropytaiethyl cellulose phtiialate are used. Dyestuffs or pigments 
are optionally added to the tablets or dragee coatings, for exanq>le, for identification or in order 
to characterize different compound doses. 

The pharmaceutical preparations of the present invention are manufactured in a manner 
which is itself known, for example, by means of conventional mixing, granulating, dragee- 
makmg, dissolving, or lyophilizing processes. Thus, pharmaceutical preparations for oral use 
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are obtained by combining fte active compound(s) with solid exdpients, option-ally grinding 
flie resulting mixtare and processing the mixture of granules, after adding suitable auxiliaries, if 
desired or necessary, to obtain tablets or dragee cores. 

Other phannaceutical preparations which are useful for oral delivery include push-fit 
capsules made of gelatin, as well as soft-sealed capsules made of gelatin and a plasticizer such 
as glycerol or soibitol. The push-fit capsules contMn the active conipound(s) in the form of 
granules which optionally are mixed with fillers such as lactose, binders such as stardies and/or 
hibricants such as talc or magnesium stearate, and, optionally stabilizers. In soft capsules, the 
active compounds are preferably dissolved or suspended in suitable liquids such as fatty oils, 
liquid paraffin, or polyethylraie glycols. In addition, stabilizers optionally are added. 

Phannaceutical prqjarations which are used rectally include, for example, suppositories 
which consist of a combination of active compounds with a suppository base. Suitable 
suppository bases are, for exanq>le, natural or synthetic triglycerides, paraffin hydrocarbons, 
polyethylene glycols or higher alkanols. In addition, gelatin rectal capsules which consist of a - 
combination of the active compounds witii a base are useM. Base materials include, for 
example, liquid triglycerides, polyethylene glycols, or paraffin hydrocarbons. In another - 
embodiment of the invention, an enema formulation is used, which optionally contains 
viscosity-increasing excipients like methylcellulose, hydroxypropyhnethylcellulose, 
carboxymethycellulose, carbopol, glycerine polyacrylates, or other hydrogels. 

Suitable formulations for parenteral administration include aqueous solutions of the 
active compounds in water soluble form, for example, water soluble salts. 

In addition, suspensions of the active compounds as ^propriate in oily injection 
suspensions are administered. Suitable lipophilic solvents or vehicles include fatty oils, for - 
example, sesame oil, or synthetic fatty acid esters, for example, ethyl oleate or triglycerides. 
Aqueous injection suspensions optionally include sub-stances which increase the viscosity of 
thesuspension which include, for example, sodium carboxymethyl cellulose, sorbitol and/or 
dextran. The suspension optionally contains stabilizers. 
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mnnds of the Invention 

Acyl derivatives of cytidine and uridine are synthesized typically by acylation methods 
involving reaction of acid chlorides or acid anhydrides with q^dine or uridine. 



The synthesis of 2',3',5'-*i-0-pynivyluridinc is shown in Exai^ple 6, 



The following examples are illustrative, but not limiting of the methods and compositions of 
the present invention. Other suitable modifications and adaptations of a variety of conditiwis 
and parameters normally encountered in clinical therapy which are obvious to those skilled in 
the art are within the spirit and scope of this invention. 

Examples 

Example 1 : Treatment of a m ultisystem mitochondrial disorder wjth tiiacetyluridipe 

A 29 year old woman with a partial Complex I deficiency, and whose son was 
diagnosed with mitochondrial disease leading to stroke-like episodes, ataxia, and 
encephalopathy, presented with a multisystem mitochondrial disorder. Signs and symptoms 
included hemiplegic/aphasic migraines, grand-mal seizures, neurogenic bowel and bladder 
dysfunction, requiring catheterization approximately four times per day, dysphagia, autonomic 
and peripheral polyneuropathy producing painful paresthesias, tachycardia/bradycardia 
syndrome, and poor functional capacity with inability to climb a flight of stairs without stopping 
to rest, and declining cognitive performance with qiisodes of clouded sensorium and poor 
memory lasting hours to days. 

After beginning treatment with 0.05 mg/kg/day of oral triacetyluridine, and for a 
duration of at least 6 montiis, this patient has not had seizures or migraines; ha- paresthesias 
related to peripheral neuropafliy have resolved. She is able to void spontaneously on most days, 
requiring catheterization only once or twice per week. After 6 weeks of treatment with 
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triacetyluridine. this patient was able to walk a full mile, which she has been unable to do for 
the past two years because of inadequate functional edacity. Her episodes of bradycaidia 
during sleep and tachycardia during exertion have reduced infrequencj^ prior to treatmcait, 
tachycardia with a heart rate greater than 140 bpm occurred upon ample rise to stand, and after 
6 weeks of triacetyluridine, tachycardia occurred only on hills and stairs. Her sensorium has 
cleared and memory deficits have improved markedly. 

During treatment, this patients' mrastrual cycles shortened firam 4 weeks to two weeks, 
and she displayed a persistent luteal phase as evaluated by estradiol, progesterone, FSH and LH 
measurements. After several months, her cycle normalized to 4 wedcs. 

This patient demonstrates important features of the subject invention, in that 1) the 
compound of the invention caused unprovements in virtually all features of a complex 
multisystem disease related to mitochondrial dysfunction in a variety of tissues, and that 2) 
compounds of the invention are unexpectedly useful for treating disease conditions related to a 
partial Complex I deficiency, which affects a portion of tiie mitochondrial respiratory chain that 
is outside of the sequence of electron transfers directly involved in de novo pyrimidine 
biosynthesis. 

The transient shortening of this patient's menstrual cycle is interpreted as an 
improvement of ovarian function caused bytriacetyl uridine in the face of excessive honnonal 
stimulation by which the neuroendocrine system was attempting to compensate for ovarian 
dysfimction. Feedback between the ovaries and the hypothalamus led to gradual normalization 
of cycle time. 

Example 2: T reatment of refractory epilepsy 

An 1 1 year old boy had refi^tory epilepsy since age 4.5, apparently due to a multiple 
mitochondrial DNA deletion syndrome. In December 1997, his condition deteriorated, 
including two admissions to an intensive care unit for crescendo epilepsy. Even with aggressive 
regimens of standard anticonvulsive therapy,this patient was having 8 to 10 grand-mal sdzures 
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per night, leaving him unable to attaid school regularly or participate in sports activities. He 
also developed upper lip automaticity. 

In the first three days after beginning treatment with oral triacetyluridine (initially at a 
dose of 0.05 g/kg/day, and inciementaUy increased to 0.1 and then 0.24 g/kg/day over the 
course of several weeks), Acre were no seizures, and involuntaiy Kp movements ceased. There 
has subsequently been some recurrence of seizures especially during episodes of infection, 
though at a much lower frequency than prior to treatmeit with triacetyluridine. This patiojt has 
been able to return to school and resume active participation in sports. His petite, cognitive 
fimction, and fine motor coordination have improved during therapy, resulting in improved 
academic performance and in outstanding performance in sports activities like baseball. 

Hxam ple 3: Tre atment of renal tubular acidosis 

A 2 year-old girl, with Leigh's Syndrome (subacute necrotizing encephalopathy) 
associated with severe Complex I deficiency, displayed renal tubular acidosis requiring 
intravenous administration of 25 mEq per day of sodium bicarbonate. Within several hours 
after beginning intragastric treatment with triacetyluridine at 0.1 g/mg/day, her renal tubular 
acidosis resolved and supplementary bicarbonate was no longer required to normalize blood pH. 
Triacetyluridine also resulted in rapid normalization of elevated circulating amino acid 
concentrations, and maintained lactic acid at low levels after withdrawal of dichloroacetate 
treatment, which was previously required to prevent lactic acidosis. 

Hxamnle 4: Treatment of d evelopmental delav 

A 4.5 year-old girl with epilepsy, ataxia, language delay, and fat intolerance, and 
dicaiboxylic aciduria was treated with triacetyluridine at a daily dose of 0. 1 to 0.3 g/kg/day. 
Such treatment resulted in a 50% decline in seizure frequency, unprovement of ataxia and 
motor coordination, restoration of dietary fat tolerance, and rapidly accelerated development of 
expressive language c^abilities. 
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Fram ple S: Prev ention of taxol-induced neuropathy 

Periphecal neuropathy is a fiequent, and oftai dose-limiting, side effect of important 
anticancer agents like cisplatin and taxoL In the case of taxol, sensory neuropathy occurs 
several days after administraticMi. Taxol's mechanism of action involves stabilization of 
microtubules, \n*ich is useful for treating cancers, but is deleterious to periphwal neurons. - 
Microtubule stabili2ation impairs axonal transport of cellular components. Mitochondria shuttle 
between the cell body and terminals of neurons, so that the expression of mitochondrial - 
respiratory chain components can be regulated by nuclear transcription fectois. During 
inhibition of mitochondrial shuttling, mitochondria distant fiom the nucleus undergo decline in 
expression of respiratory chain subunits encoded by the mitochondrial genome, due to 
inadequate exposure to mtDNA transcription factors, resulting in regional neuronal energy 
failure and other consequences of mitochondrial dysfunction. 

Two groups of 10 mice each were treated with taxol, 21 .6mg/kg/day for 6 consecutive 
days by intraperitoneal injection. An additional group of 10 mice received injections of vehicle 
alone. One of the groups of taxol-treated mice received oral triacetyluridine, 4000 mg/kg b.i.d. 
Nine days after the initiation of taxol treatments, nociceptive sensory deficits wwetested by 
determining tail-flick latency after exposure of the tip of the tail to focused thermal radiation 
with an infrared heat lamp, hi this system, delays in die tail-flick response to radiant heat 
correlate with sensory nerve deficits. 

Group: Tail flick latency 

Conti-ol (no taxol) 10.8+ 0.5 seconds 

Taxol 16 0 ± 3.1 seconds 

Taxol + triacetyluridine 11.9± 0.7 seconds 

Taxol h-eatment impaired responses to painful stimuh as an index of toxic sensory 
neuropathy. Oral triacetyluridine ti-eatment significantly attenuated taxol-induced alterations in 
tail-flick latency. 
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Example 6: Synthesis of Uridine Pyruvate 

A. The preparation of pyruvyl chloride was accomplished by the reaction of alpha, alpha- 
dichlorometfayl methyl ether and pyruvic acid using the procedure of Ottenhemn and Man 
(Synthesis, 1975,p. 163). 

B. Uridine (3.0 g, 12 mmol) was dried by toluene a2Botrope undervacuum (3x), and then 
dissolved in DMF (20 mL) and pyridine (20niL). The resultant solution was cooled to -10 
degrees C and 6.0mL of pyruvyl chloride (produced in stq> A above) was added dropwise. The 
reaction mixture was stirred at room temperature under argon for 24 hours. Analysis by TLC 
(5% MeOH/CH2C12) showed the consumption of uridine. The reaction mixture was evaporated 
to dryness and partitioned between CH2C12 and aqueous sodium bicarbonate. The organic layer 
was washed with water, aqueous HCl (pH 3.0), and water, dried over sodium sulfate; - 
concentrated; and purified using flash chromatogr^hy (silicagel, 5% MeUti/i-.ii2Ci2) lo yield 
1.4 g of uridine pyruvate, or 2',3',5'-tri-0-pyruvyluridine. 

Example 7: Therapeutic effect of oral triac e tvlnridine in the MPTP model of Parkipson's 
disease fPDI a nd mitochondrial dysfunction 

The neurotoxin l-methy]-4-phenyl-l,2,3,6-tetrahydropyridine (MPTP) is a complex I 
(NADH dehydrogenase) mitochondrial respiratory chain inhibitor that is used to induce 
dopaminergic cell loss (Varastet et al, Neuroscience, 63: 47-56,1994). This toxin is currently 
widely used as an animal model for PD (Bezard et aL, Exp Neurol, 148: 288-92, 1997). 

Male C57/BL6 mice that were 6-9 months old weighing 30-40g from Taconic Farms 
were used in the MPTP studies (n-7/group). MPTP (30 mg/kg i.p.) was given b.i.d. for 1.5 
days. TAU was administered b.i.d. 4g/kg p.o. in 0.75% hydroxypropyl-methylcellulose vehicle 
at 200 mg TAU /mL solution, 2 hours prior to toxin administration and until the day before 
sacrifice. 
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Eight days after stopping iigection of MPTP, Ae mice were sacrificed by CO2 and the 
striata from both sides were dissected out on cold surface. Hie striatum was frozen on dry ice. 
The dopaminatgic neuronal survival was assessed by striatal dopamine (DA) content The 
dopamine content was assayed by a radioenzymaSc method under GLP conditions, but DA can 
also be measured using high pressure liquid chromatogr^hy with electrochemical detection as 
previously described (Friedemaim & Gethaidt, Neurobbl Aging, 13: 325-32, 1992). Tbexe was 
a decreased mortality in the MPTP treated mice due to TAU treatment The mortality in the 
control + MPTP mice was 71.4% compared to 28.6% in the TAU + MPIP treatment group. 
There was also a neuroprotective effect of PN401 treatment on the decrease in DA content due 
to MPTP. 

Effect of TAU on MPTP-induced decrease in striatal DA content 

Treatment Striatal DA* 

Control + Control 147 ± 13.0 

TAU + Control 93.8110.7 

Control + MPTP 9.2 ±2.2 

TAU + MPTP 37.9 ±7.4 

* Data are represented as ng DA/mg protein (mean ± SEM). 

A second study using MPTP (25 mg/kg i.p. b.i.d. for 2 days) was performed. Male 
C57/BL6 mice that were 6-9 months old weighing 30-40g from Taconic Farms were used m the 
MPTP studies (n=6/group). MPTP (30 mg/kg i.p.) was given b.i.d. for 2 days. TAU was 
administered b.i.d. 4g/kg bw p.o. in 0.75% hydroxypropyl-methylcellulose vehicle at 200 mg 
TAU ImL solution 2 hours prior to toxin administration and until fee day before sacrifice. TAU 
or vehicle was given orally (dose of TAU = 4g/kg bw b.i.d.) starting the day before MPTP 
administration and ending on day 8. Mice were sacrificed on day 9. Tliis study also 
demonstrated that TAU showed protective effects on dopaminergic neurons as indicated by an 
attenuated decrease in striatal DA loss due to MPTP. 
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Effect of TAU on MPTP-induced decrease in striatal DA content 



Treatment 



Striatal DA* 



Control + Control 



71.0 ±10.6 



TAU + Control 



52.0 ±3.0 



Control + MPTP 



15.9 ±2.2 



TAU + MPTP 



26.7 ±0.9 



* Data are represented as ng DA/mg protein (mean ± SEM). 

E xample 8: Therapeutic effect of TAU in the :^-ni1roprooionic acid f3NP) model of 
l ^untineton's disease (ED) 

ED is characterized by a progressive neuronal loss especially in the striatum. Patients 
with HD have a decreased activity of succinate dehydrogenase (complex II)- ubiquinol 
oxidoreductase (complex HI) activity . Browne, Mitochondria & Free Radicals in 
Neurodegenerative Diseases, 361-380 (1997). A widely used model of HD employs an 
inhibitor of succinate dehydrogenase, 3-nitropropionic acid (3NP) . (Ferrante et al. 
Mitochondria & Free Radicals in Neurodegenerative Diseases, 229-244, 1997). 3NP induces 
damage to the striatum in particular. (Brouillet et al., J Neurochem, 60: 356-9, 1993). 

Male 6-8 month old Swiss mice (National Cancer Institute; NCI, Frederick, MD) were 
treated with 3NP (65 mg/kg i.p.) daily for 4 days to induce mortality, neuronal cell loss and 
behavioral impairment with n=8/gK)up. TAU was administered b.Ld. 4g/kg bw p.o. in 0.75% 
hydroxypropyl-methylcellulose vehicle at 200 mg TAU /mL was given to the mice one day 
before and every day until day 8. On day 9, the mice were perfuse fixed widi 10% buffered 
formalin and processed for silver staining to detect neuronal damage. There was decreased 
morUility due to 3NP in the mice treated with TAU compared to the controls as shown below. 
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Thse was no mortaKty in the 3NP + TAU group, but 3 of 8 mice died in the vehicle + 3NP 
group. 

Behavioral scoring of the 3NP treated mice was to determine whether there was any 
motor impairment at anytime during the study. Ttiere were 88% of the control + 3NP treated 
mice with behavioral jmpaiimrat indicated by gross observation. A decreased incidence of 
impairment of only 50% was found in the TAU + 3NP treated mice. 

The silver staining was analyzed by a pathologist blinded to the identity of tissue 
san^les. There wwe no clear signs of neuronal damage detected in flie TAU + 3NP treated 
mice. However, in liie control + 3NP treated mice, silver staining of synaptic terminals in the 
striatal area (caudate/putamen area) and substantia nigra was pronounced. Silver impregnation 
of axons and/or synaptic terminals in the thalamus, deep mesencq>halon and/or reticular 
formation (medulla) was also found in 80% of the control + 3NP treated mice. The substantia 
nigra projects to the striatum and fliese areas are especially vubierable to damage by 3NP. The 
damage to the substantia nigra and striatum was prevented by TAU. 

Kyam ple 9: Theraneatic effect of TAU in th e Viiitmpmnionic acid HNP) model of epilepsy 

3-nitropropionic acid (3NP) is a mitochondrial toxin that acts by inhibiting Complex H 
of the respiratory chain; it is used to induce brain lesions similar to those characteristic of 
Huntington's disease. Seizures can also be induced by the use of 3NP as a model of epilepsy 
and mitochondrial dysfunction. Urbanska et al, Eur J Pharmacol, 359: 55-8 (1998). Male CD-I 
mice (National Cancer Institute,NCI, FredericL MD) weighing between 26-40 g were used 
throughout. Mice were divided into groups of 5 and animals for each group were randomly 
chosen from different cages to avoid possible influence of age. The mice were maintained on a 
12 hr light daric cycle with free access to water and food. All experiments were performed 
during the light period between 9:00 and 16:00 hr. Mice (n=17-20) were given 1 60 mg/kg 3NP 
and followed for seizures. 3NP was made up at 16mg or 18mg/ml in sterile water (pH: 7.4 ). 
3NP was administered i.p. in a volume of O.lmyiOg body weight TAU was administered 
4g/kg p.o. in 0.75% hydroxypropyl-methylcellulose vehicle 2 hours prior to 3NP 
admmistration. Seizures were assessed similar to the methods previously described (Roberts & 
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Keith, J Pharmacol Exp Ther, 270: 505-1 1, 1994; Urbanska et al., Eur J Pharmacol, 359: 55-8, 
1998). 

Behavioral observations were performed within 120 min following application of 3-NP. 
Three major categories of convulsive seizure response were been considered and recorded: 

1. Clonic movements: the movements of the forelimbs acconq)anied by facial twitching; 

2. Explosive clonic movements: the movement of all four limbs involving nmning, jumping 
and bouncing; 

3. Tonic response: including tonic flexion and tonic extoision of the all four limbs. 

Mortality rate was evaluated at 120 min after 3NP injection. 

3NP induced primarily clonic seizures with some mice gomg on to develop a running 
and jumping behavior that graierally resulted in mortality. TAU decreased the percent 
incidence of clonic sazure, running seizure and mortality due to 3NP. The primary endpoint 
was the lataicy to clonic seizure. TAU increased the latency to clonic seizure from 25.0-40.8 
minutes. Data are represented as mean ± SEM. 



Endpoint Control + 3NF TAU + 3NP 

% Clonic seizures ~9aO 70.6 

% Running seizures 42.9 5.9 

% Mortality 35 11.8 

Latency to clonic seizure 23.8 ±0.7 40.8 ±4.9 



Evamnle 1 0: Therapeutic effect of TAU in th e Quinolinic acid fOA> model of excitotoxicitY 

Quinolinic acid is an NMDA receptor agonist that has been used in models of 
Huntington's disease and excitotoxic damage (Seal g/o/., J Neurosci, 11: 1649-59, 1991;Beal 
et al., J Neurosci, 11: 147-58, 1991; Ferrante et al, Exp Neurol, 119: 46-71, 1993). It can 
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induce severe damage to tiie CNS when administered directly into Ae striatum. The damage 
and/or mortaKty due to intrastriatal QA is likely due to a CNS etiology. 

Male 6-8 monfh old Svsiss mice (National Cancer Institute; NCI, Frederick, MD) were 
treated with QA (50 or 100 nmoles given bilaterally in both striatum n=8/group. TAU was 
administered b.i.d 4g/kg bw p.o. in 0.75% hydroxypn^yl-metbylcelhilose vehicle at 200 mg 
TAU /mL was ^ven to the mice one day before and every day until day 6. On day 7 the mice 
were sacrificed. The QA was administered in a 2 ul volume as previoudy described (Tattered 
al., Neuroreport, 6: 1125-9, 1995). 

There was a decreased mortality due to QA in the TAU treated mice. The percent of 
mice surviving the 7 days treated with 50 nmoles QA was 64% in the control T QA and 73% in 
the TAU + QA and for mice treated with 100 nmoles QA only 4% survived in the control + QA 
group, whereas 19% survived in Ihe TAU + QA group. TAU demonstrated a neuroprotective 
effect on the excitotoxicity due to QA, 



While the present invention has been described in terms of preferred embodiments, it is 
understood that variaticns and modifications will occur to those skilled in the art. Therefore, it 
is intended that the appended claims cover all such equivalent variations and modifications 
which come within the scope of the invention as claimed. 



CI IDOTm rrr #»i n 



wo 00/11952 



50 



PCTA7S99/19725 



CLAIMS 

1. A method for treating or preventing pathophysiological consequences of mitochondrial 
respiratory chain dysfunction in a mammal comprising administering to said mammal in 
need of such treatment or prevention an effective amount of apyrimidine nucleotide. 

2. A method as in claim 1 wherdh said respiratory chain dysfimction is caused by a mutation, 
deletion, or rearrangement of mitochondrial DNA. 

3. A method as in claim 1 wherein said respiratory chain dysfimction is caused by defective 
nuclear-oicoded protein components of the mitochondrial respiratory chain. 

4. A method as in claim 1 wherein said respiratory chain dysfunction is caused by aging. 

5. A method as in claim 1 wherein said respiratoiy chain dysfimction is caused by 
administration of cytotoxic cancer chemotherapy agents to said mammal. 

6. A method as in claim 1 wherein said respiratory chain dysfimction is a deficit in 
mitochondrial Complex I activity. 

7. A method as in claim 1 wherein said respiratory chain dysfimction is a deficit in 
mitochondrial Complex II activity. 

8. A method as in claim 1 wherein said respiratory chain dysfimction is a deficit in 
mitochondrial Complex HI activity, 

9. A method as in claim 1 wherein said respiratory chain dysfimction is a deficit in 
mitochondrial Complex TV activity. 

10. A method as in claim 1 wherein said respiratory chain dysfimction is a deficit in 
mitochondrial Complex V activity. 
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11. A method as in claiin I wherein said pyriinidine nucleotide precursor is selected from the 
group consisting of uridine, cytidine, an acyl derivative of uridine, an acyl derivative of 

. cytidine, orotic acid, an alcohol ester of orotic acid, or a phatmaccuticaily acceptable salt 
thereof. 

12. A mefliod as in claim 1 1 wherein said pyrimidine nucleotide precursor is an acyl doivative 
of cytidine. 

13. A method as in claim 1 1 wherein said pyriinidine nucleotide preoosor is an acyl derivative 
of uridine. 

14. A method as in claim 1 1 wherein said acyl derivative of uridine is 2',3',5'-tri-0- 
acetyluridine. 

15. A method as in clann 1 1 wherein said acyl derivative of uridine is 2',3',5'-tri-0- 
pyruvyluridine. 

16. A method as in claim 1 1 wherein the alcohol substitutent of said alcohol ester of orotic acid 
is ethanol. 

1 7. A method as in claim 1 1 wherein said pyrimidine nucleotide precursor is cytidine 
diphosphocholine. 

1 8. A method as in claim 1 1 wherein said pyrimidine nucleotide precursor is administered 
orally. 

19. A method as in claim 1 1 wherein said pyrimidine nucleotide precursor is administaed in a 
dose of 10 to 1000 milligrams per kilogram of bodyweight per day. 

20. A method as in claim 1 1 wherein said pyrimidine nucleotide precursor is administered in a 
dose of 100 to 300 milligrams per kilogram of bodyweight per day. 
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21. A method as in claim 1 wherein said pathophysiologic^ consequence of mitochondrial 
respiratoiy diain dysfunction is a congenital mitochondrial disease. 

22. A method as in claim 21 wherein said congenital mitochondrial disease is selected from the 
group consisting of MELAS, LHON, MERRF, MNGIE, NARP, PEO, Leigh's Disease, and 
Keams-Sayres Syndrome. 

23. A method as in claim 1 wh»ein said pathophysiological consequence of mitochondrial 
re^iratoiy chain dys&nction is a neurodegenerative disease. 

24. A method as in claim 23 wherein said neurodegenerative disorder is AMieimer's Disease. 

25. A method as in claim 23 wherein said neurodegenerative disorder is Paridnson's disease. 

26. A method as in daun 23 wherein said neurodegenerative disordo: is Huntington's Disease. 

27. A method as in claim 23 wherein said neurodegenerative disorder is age-related decline in 
cognitive ftmction. 

28. A method as in claim 1 wherein said pathophysiological consequence of mitochondrial 
respiratory chain dysfiinctioo is a neuromuscular degenaative disease. 

29. A method as in claim 28 wherein said neuromuscular degenerative disease is selected from 
the group consisting of muscular dystrophy, myotonic dystrophy, chronic fatigue syndrome, 
and Friedreich's Ataxia. 

30. A method as in claim 1 wherein said pathophysiological consequence of mitochondrial 
respiratory chain dysfimction is developmental delay in cognitive, motor, language, 
executive function, or social skills. 

31. A method as in claim 1 wherein said pathophysiological consequence of mitochondrial 
respiratory chain dysfimction is selected from the group consi^g of epilepsy, peripheral - 
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neuropathy, optic neuropathy, autonomic neuropathy, neuiogouc bowel dysfunction, 
sensorineural deafiiess, neurogenic bladder dysfunction, migraine, and ataxia. 

32. A method as in claim 1 whareia said pathophysiological consequence of mitochondrial 
respiratory chain dysfimction is selected from flie group consisting of renal tubular 
acidosis, dilating cardiomyopatliy, steatohepatitis, hepatic feiliure, and lactic acidemia. 

33. A method for prevaiting deafh or functional decline of post-mitotic cells in a mammal due 
to mitochondrial respiratory chain dysfimction cranprising administration of an effective 
amount of a pyrimidine nucleotide precursor. 

34. A method as in claim 33 wherein said post-mitotic cells are neurons. 

35. A method as in claim 33 wherein said post-mitotic cells are skeletal muscle cells. 

36. A method as in claim 33 wherein said post-mitotic cells are cardiomyocytes. 

37. A method for treating developmental delay in cognitive, motor, language, executive 
function, or social skills in a mammal comprising administration of an effective amoimt of a 
pyrimidine nucleotide. 

38. A method as in claim 37 wherein said developmental delay is pervasive developmental 
delay or PDD-NOS. 

39. A method as in claim 37 wherein said developmental delay is Attention 
Deficit/Hyperactivity Disorder. 

40. A method as in cldm 37 wherein said developmental delay is Rett's Syndrome. 

41 . A method as in claim 37 wherein said developmental delay is autism. 
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42. A method for reducing side effects of cytotoxic cancer chemotherapy agents by 
administering a pyiimidine nucleotide precursor, where said cytotoxic chemotherapy agent 
is not a pyrimidine nucleoside analog. 

43. A method as in claim 42 wherein said side effects of cytotoxic cancer chemotherapy are 
selected from the groiq) craisisting of peripheral neuropathy, chemotherapy-induced 
menopause, chemotherapy-associated fatigue, and depressed appetite. 

44. A method for diagnosing mitochondrial disease by administering a pyrimidine nucleotide 
precursor and assessing clinical improvement in signs and symptoms in a mammal. 

45. A compound selected from the group consisting of 2*,3',5'-tri-0-pyruvyluridine, 2',3'-di-0- 
pyruvyluridine, 2',5'-di-0-pyruvyluridine, 3',5'-di-0-pyruvyluridine,2'-O-pymvyluridine, 3'- 
0-pyruvyluridine, and S'-O-pymvyluridine. 

46. A pharmaceutical composition comprising: 

(a) a pyrimidine nucleotide precursor or a pharmaceutically acceptable salt thereof, and 

(b) pyruvic acid, a pharmaceutically accqjtable salt thereof, or a pyruvic acid ester. 



47. A method as in Claim 1 fiirtiier comprising administering pyruvic acid, a pharmaceutically 
acceptable salt thereof, or a pyruvic acid ester. 



O. Wurtman et al. (U.S. Patent Application Publication No. US 2003/01 14415) - 
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(57) ABSTRACT 

This invention relates to compositions and methods for 
preventing and Ireiiling cognitive dysluiiotion or memory 
impairment. The compositions include an effective amount 
of citicoliiie, or pharmaceutically-acceptablc salts thereof, 
and one or moiB of the componnds selected from Ihe group 
consisting of linoleic acid and linolenic acid. Other compo- 
sitions of this invention include an effective amount of 
cilicoline, or pharmaceutically-acceptable salt thereof, 
wherein said citicoline is metabolized to form al least one of 
cytidine, uridine, and choline. Still other compositions of 
Ibis invention include effective amounts of choline, cytidine, 
and/or uridine, or their pharmaceutically-acceptable sails. 
This invention also encompasses methods for preparing 
these compositions. 
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Fig. 1 . Rats reared for 3 months ia restricted conditions require moic time than rats reared 
in enriched conditions to locate the bidden platform in this hippocampaj-dependent 
memory task. A diet supplemented with CDP-choline in^roves this memory deficit in 
restricted rats. 
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Fig. 2. Rats reared in restricted conditions do not require significantly longer retention 
times to locate the visible platform in this striatum-depend^t memo^ task. 
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Fig. Rats reared in restricted conditions acquire the simple visual discrimination task at 
a.siower rate than do rats laised in cni-iched cooditions- A diet high in CDP-cholinc 
alleviates soinft of thfe deficit. 
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Fig. 4. Rats retired in restricted conditons are distracted by the addition of irrelevant cues 
to aa already well-learned visual discrimination stimnlus-ie^onse task. Enriched rats are 
not distracted by this irrelavant information attesting to Iheir superior selective attention 
skills. CDP-choline alleviates this deficit in selective atteiition in restricted rats. 
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Fig. 5. A test for original savings of relevant infoimaiion adds further evidence that 
original learning of the relevant informaiion was impaired in restricted rats due to the 
addition of irrelevant information. A diet high in CDP-cJioIine improves the ability of 
i-esiricted rats to fbciis attention on the relevant information. 
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COMPOSITIONS AND METHODS FOR TREATING 
AND PKEVENTING MEMORY IMPAIRMENT 
USING CITICOLINE 
[0001] This application claims priority firom U.S. Serial 
No. 60/339,445, iiled Dec. 14, 2001. 

1. FIELD OF THE INVENTION 
[0002] This invenlion re)ate.s to compositions and methods 
for preventing and/or reducing memory impairment, par- 
ticularly memory impairmeol caused by Mild Cognitive 
Impairment (MCI) or more .severe dementias such as Alzhe- 
imer's Disease (AD), or other disorders including cere- 
brovascular disease. Administration of the compounds of 
this invention may enhance acetylcholine and membrane 
phosphatidyl choline synthesis, thereby increasing the 
amount of brain neurotransmitters avaDable, and enhancing 
the growth of brain cells. More particularly, the invention 
relates to the use of compositions containing citicoline 
(cytidine-5'-diphosphocholine or CDP-choline) or its 
metabolites choline, cytidine, and/or uridine, and optionally 
one or more fatly acids, in a novel treatment regimen to 
prevent or reduce memory impairment and improve cogni- 
tive function and quality of life for patients suffiering from 
these conditions. 

2. BACKGROUND OF THE INVENTION 
[0003] Memory impairment can be caused by a variety of 
disorders, and can range from mild to severe. The memory 
loss may be temporary or permanent, and may be the result 
of brain damage (either due to disease or trauma), depres- 
sion, use of certain medications, emotional trauma, physi- 
ological changes in the brain, and reduction in the abihiy of 
the central nervous system to process information. Major 
theories held by neurologists believe that gradual deteriora- 
tion of the brain causes memory loss. As people age, some 
neurons fail to function pro|5erly, or deteriorate to a non- 
functioning point, causing some problems with memory. 
[0004] Age-Associaleil Memory Impairment (AAMI) 
refers to a decline in memory due to aging, characterized by 
temporary memory lapses in otherwise healthy individuals. 
Memory is commonly divided into two parts, short term and 
long term. Long term memory is affected less by aging than 
short term memory. Individuals with AAMI exhibit lapses in 
short term memory that are vidthin the limits of what is 
considered "normal" for their age group. Such changes in 
memory in later life are often due to a combination of 
influences, inchiding physiological changes in the brain, 
slowdowns in central nervous system processing abilities, 
certain diseases, and the use of certain medications (e.g., 
Aldomet (melhyldopa), Ascenclin (amoxapine), Dalmane 
(flurazepam), Elavil (amitryptylinc), Equanil (meprobam- 
ate), Haldol (haloperidol), Inderal (propranolol), Mellaril 
(thioridazine), Miltown (meprobamate), Pamelor (nortryp- 
tyline), Pepcid (famotidine), Seraz (oxazepam), Symmetrel 
(amantadine), Tagamet (cimetidine), Valium (diazepam), 
and Xaniac (ranitidine)). Other reasons may be reduced 
motivation to remember, or simple disuse. It may be possible 
for individuals with AAMI to improve their memories by 
engaging in mental exercise, improving their diet, and 
incorporating exercise into their lifestyles. 
[0005] Memory decline that is more severe or consistent 
than AAMI may be classified as Mild Cognitive Impairment 



(MCI), and, in a minority of patients, indicates the early 
stages of a condition such as dementia. The memory lapses 
of MCI are more severe than age-related forgetfijlness. In 
memory tests, people with MCI retain less information than 
most people their age. This memory impairment is also 
persistent, interfering with normal daily routines. According 
to studies, about 12 percent of people age 65 or older who 
were previously diagnosed with MCI are diagnosed with AD 
every year, malting MCI one of the most important risk 
factors for AD. 

[0006] The decline from MCI to Alzheimer's disease (AD) 
involves significant degradation of cognitive function, both 
in terms of the kinds of problems encountered and their 
severity. Patients with AD show abnormal memory impair- 
ment for their age group, as well as additional impairments 
in other mental skills. Loss of cholinergic neurons within the 
nucleus basalis has been correlated with cognitive impair- 
ment and disease severity through studies conducted using 
postmortem tissue firom AD patients. AD is considered a 
form of dementia, which has symptoms including difficulties 
with language, learning, thinking and reasoning, as well as 
memory loss, and may also result in changes in mood and 
personality, eventually becoming severe enough to interfere 
with a person's work, everyday activities and social life. 
Other irreversible dementias include Parkinson's disease, 
HuDtington's disease, Creutzfeldt-Jakob disease and multi- 
infarct dementia. Some reversible causes of dementia 
include nutritional and vitamin deficiencies, drug intoxica- 
tion, thyroid and blood chemistry imbalance.s, and tumors. 
[0007] Cerebrovascular disease is also potentially devas- 
tating in terms of its effects on memory, and it is more 
common than AD. More than 700,000 Americans .suffer a 
major cerebrovascular event — ^usually a strcike — each year. 
Stroke is the third leading cause of death in the United Stales 
and the number one cause of disability with mote than 
3,000,000 currently living with permanent brain damage, 
including memory loss, caused by such an event. 'Ilie term 
cerebrovascular disease covers acute strote and other dis- 
eases that may lead to stroke, like arteriovenous malforma- 
tions (AVM), aneurysms, craniofacial venous malforma- 
tiODS, brain tumors, spinal tumors, stenotic and 
thromboembolic occlusive diseases, and moyamoya. All of 
these cerebrovascular diseases have the potential to cause 
inemory impairments, as well as other cognitive dysfiinc- 

[0008] Various pharmaceutical therapies have been devel- 
oped to combat memory loss, particularly memory loss 
associated with AD. These include: 

[0009] Tacrine, or Cognex, which was the first drug 
approved in the US for the treatment of AD. It slows 
progression of AD by increasing levels of the neu- 
rotransmitter acetylcholiue. It needs to be taken four 
times a day and blood tests for liver function need to 
be monitored. Up to six out of ten people are unable 
to reach the maximum dosage due to side effects. 
[0010] Douepezil, or Aricept, is a widely known drug 
that was approved by the Food and Drug Adminis- 
tration (FDA) over four years ago for the Ireatmeot 
of memory loss related to AD. The drug raises the 
level of the chemical acetylcholine in the brain. By 
doing so, it slows decline of the disease. Recently, it 
has been used in other kinds of dementias as well as 
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reversible memory loss. Tbeie is growing literature 
about its use in various cooditions including head 
trauma, mild cognitive impainnenl and other condi- 
tions. Side effects include gastrointestinal discom- 
fort. 

[0011] RivastigiDine, or Exelon, was approved by the 
FDA to treat AD. It also increases levels of acetyl- 
choline in the brain. It is given twice a day and side 
effects include gastrointestinal discomfort. 

[0012] Meoianline, or Akatinol, is an NMOA recep- 
tor agent that promotes nerve cell viability. It has 
been used in European countries including Germany 
lo treat memory loss, but has not been approved for 
use in the US. Limilcd trials are ongoing at this time 
in the US. 

[0013] Galanlaraine, or Reminyl, is an agent that 
raises brain levels of acetylcholine. Some prelimi- 
nary data suggests that is more effective than earlier 
cholineigic agents. It is currently in limited US 
clinical trials and is not approved by the FDA. It has 
been in widespread use in Europe. 

[0014] Neotropin may promote the growth of nerve 
cells and maintain nerve cell viability. It is currently 
being used in trials abroad, but not in the US. 

[0015] Nootropics, the first class of agents used for 
treatment of memory loss, have not been shown to be 
consislenily effective and are not u.sed routinely in 
the US. 

[0016] Aipha-iocophcrol, or vitamin E, in doses of 
20tK) lU has been shown to slow progression of 
Alzheimer's disease. The drug is believed to work as 
a free radical scavenger, and promote nerve cell 

viability. 

[0017] Selegeline, or Eldepryl, is an agent that both 
raises the levels of certain neurochemicals and pro- 
motes nerve cell viability, and has been used in the 
US for the treatment of Parkinson's disease. It has 
been shown to be effective for the treatment of 
Alzheimer's. 

[0018] Non-steroidal anti-inflammatory agents, or 
NSAIDS, include drugs such as ibuprofen (e.g., 
Motrin, Advil), as well as the newer cyclo-oxygenase 
2 inhibitors (e.g., Celebrex and Vioxx). There is 
preliminary evidence to suggest that they may be 
helpfiii in treating some types of memory lass. 
Limited clinical trials are ongoing in the US. 

[0019] Gingko Bilcba, a free radical scavenger and 
possible brain activator, is commonly prescribed for 
the treaunent of dementia in Europe. Pireparations of 
the drug in the US vary, and the right dose of the 
right preparation may slow progression of .some 
types of memory loss. 

[0020] Estrogen therapy may help lo prevent Alzhe- 
imer's disease in women. 

[0021] B-secretase inhibitors are the newest class of 
drugs being developed for treating memory loss. 
Tliese drugs stop fortnalioa of amyloid plaques, and 



may halt the progression of illnesses like Alzhe- 
imer's. These drugs are currently involved in trials 
abroad. 

[0022] Certain classes of the B vitamins (particularly 
and Bj,) are felt to be neuroprotective, and are 
being used in clinical trials for treating memory loss. 
[0023] Calcium channel blockers, a class of drugs 
used to treat illnesses like hypertension antl 
migraine, have been used lo treat memory loss. 
[0024] Citicoline monosodium is an exogenous form of 
cytidine-5'-diphosphocholinc (CDP-choline). Endogenous 
CDP-Choline is a key intermediate in the biosynthesis of 
membrane phosphatidyl choline, which is of primary impor- 
tance for the dynamic regulation of cellular integrity. The 
role of phospholipids in the maintenance of neuronal func- 
tion is critically important in conditions such as MCI, AD, 
and various cerebrovascular diseases, where the breakdown 
of these membranes is thought to contribute to memory 
impairment. In addition to its role in neuron membrane 
smictural function, phosphatidyl choline is thought to play 
a major role in lipid turnover (utilization of fatly acids) and 
communication signaling. It also acLs as a neuroprotector. 
Citicoline donates the components choline, cylidine, and 
uridine (precursors to the synthesis of phosphatidylcholine), 
required to form, repair, and even restore function lo nerve 
cell membranes. Cytidine and uridine, acling through cytidyl 
triphosphate (CTP), are also involved in the synthesis of 
other phospholipids. In addition, choline promotes the syn- 
thesis of acetyldioline, a neurotransmitter intimately asso- 
ciated with cognition. As an information-lransmilling mol- 
ecule, acetylcholine is necessary for proper memory 
fiiDction and is especially important for aging brains. In the 
brain, in addition to promoting phospholipid synthesis, 
citicoline also inhibits phospholipid degradation. Ciii- 
coline's mechanism of action is thought to entail cerebrovas- 
cular (blood circulation of the brain) regulation and neu- 
roimmune (immune function of the nervous system) actions 
in the brain. 

[0025] Citicoline has been extensively studied in clinical 
tt-ials. Results of these trials indicated an improvement in a 
variety of clinical symptoms, including headache, vertigo, 
motor coordination and insomnia. These trials also showed 
improvements in motor function and reduction in stroke 
sequelae. However, such trials were limited to the use of 
citicoline during the rehabilitation stage of patients who may 
have suffered a stroke, and, thus, such treatments occurred 
well after the putative ischemic event. Nevertheless, such 
trials are informative for purposes of this invention tecause 
they show that stroke and head trauma patients tolerated 
citicoline well al dose ranges of 250 mg/day to 1000 mg/day 
for several weeks. 

[0026] Although many pharmaceutical products have been 
developed in order to combat conditions that cause memory 
impairment, and particularly to slow or hall Ihe progression 
of AD, none are highly effective in this regard. Further, none 
have been demonstrated lo be effective in preventing the 
onset of symptoms of memory impairment. Accordingly, a 
need exists in the art for a composition and method for 
preventing or treating memory impairment. 

3. SUMMARY OF THE INVENTION 
[0027] The invention relates to compositions and methods 
for preventing and treating memory impa irment, particularly 
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memory impairment caused by any of a number of disorders, 
such as stroke, brain injury, mild cognitive impairment 
(MCI), Alzheimer's Disease (AD), cerebrovascular disease, 
and other disorders which cause cognitive disturbances. The 
compositions according to this invention include citicolinc, 
or its metabolism products, choline, cytidine, and/or uridine, 
and optionally one or more fatty adds such as linoleic acid 
and linolenic add, and their active metabolites, e.g., arachi- 
donic acid and docosohexenoic add and any other essential 
fatty acids tbal aie metabolized to fbnn diacylglycerol 
(DAG). The methods indude administering an efteclive 
amount of dlicoline or a phannaceutically-acceptable salt 
thereof, optiotaally in conjunction with these fatty acids, or 
administering any combination of choline, cytidine, and 
uridine, or the pharmaceutically-acceptable salts thereof, 
optionally in combination with these fatty acids. 

[0028] The present invention also relates to the use of 
citicoline for the preparation of a pharmaceutical medica- 
ment for the prevention and treatment of memory impair- 
ment, comprising admixing an eifective amount of citi- 
coline, optionally with one or more fatty acids and a 
pharmaceulically acceptable carrier or as components of a 
food, or comprising admixing effective amounts of choline, 
cytidine, and/or uridine, optionally with one or more fatty 
adds and a pharmaceutically-acceptable carrier. 

[0029] In the method of preventing and treating memory 
impairment, administration of an effective amount of citi- 
coline preferably takes place over a specified period, typi- 
cally over at least several weeks (e.g., 3-8 weeks, preferably 
at least about 6 weeks), and most preferably for an indefinite 
period. The dosage regimen can vary within certain limits. 
Typically, about 40-4000 mg of citicoline can be adminis- 
tered one or more times per day for the duration of the 
treatment period. The amount administered to a particular 
patient may vary based on several factors known to those of 
skill in the art, such as age, weight, severity of cognitive 
dysfunction, etc. The preferred dosage includes about 
10-1000 mg of citicoline up to four (4) times a day, pref- 
erably about 2000 mg in a single dose or in divided doses. 
If choline, cytidine, and uridine are used, Ihey are preferably 
provided in amounts commensurate with the amount of 
these compounds that are released when citicoline is 
metabolized. If fatty acids, such as linoleic acid and/or 
linolenic acid, are included, they are preferably provided in 
amounts thought to be sufficient to provide a beneficial 
amount of brain DAG. 

[0030] Citicoline may be expected to have a number of 
advantages over other agents being developed for the pre- 
vention and treatment of memory impairment. Being an 
endogenous compound, citicoline is inherently safe. Citi- 
coline has a very low toxicity and an extremely broad 
therapeutic index. The same applies to combinations of 
choline, cytidine, and uridine, as these are the natural 
by-products of the metabolism of dticoline in mammals. 
Fatty acids such as linoleic acid and linolenic acid are also 
low in toxicity, and are natural compooenls of the diet of 
most animals. 

[0031] The potential multimodal action of citicoline also 
may prove advantageous. Although the relative contribution 
of each potential mode of action to the treatment of cognitive 
dysfunction is not known, citicoline and its hydrolysis 
products — cytidine, uridine and choline — are believed to 



play important roles in the generation of phospholipids 
involved in membrane formation and repair, as well as 
synthesis of acetylcholine, which is a brain neurotransmitter. 
These compounds also are believed to contribute to critical 
metabolic functions, such as the formation of nucleic acids 
and proteins. See, Ulus, 1. H. et al. Brain Research (1989) 
484:21 7-227. Thus, under conditions where memory impair- 
ment occurs, dticoline may function to (1) stabilize mem- 
branes by providing substrate for membrane maintenance; 
(2) repair damaged membranes by supplying important 
substrates for membrane formation; and (3) restore neuronal 
function by supplying substrate for the formation of acetyl- 
choline. Moreover, unlike other proposed therapeutic 
agents, dticoline has the potential not only to prevent 
deterioration in cognitive ability, but also to contribute to the 
treatment of damaged areas of the brain, e.g., after stroke 
brain injury, thereby improving or restoring cognitive func- 

[0032] It is, therefore, one object of the invention to 
provide a composition for preventing or treating memory 
impairment, comprising an effective amount of citicoline, or 
pharmaceulically-acceptable salt thereof, wherein said citi- 
coline is metabolized to form at least one of cytidine, 
uridine, and choline. 

[0033] Yet another object of the invention is to provide a 
composition for treating or preventing cognitive dysfunc- 
tion, comprising an effective amount of citicoline, or phar- 
maceutically-acceptable salt thereof, and one or more of the 
compounds selected from the grciup consisting of linoleic 
acid and linolenic acid or ihcir active metaboliies. 

[0034] Still another object of this invention is to provide a 
composition for preventing or treating memory impairment, 
comprising at least one of an effective amount of choline or 
a pharmaceutically-acceptable salt thereof, an effective 
amount of cytidine or a pharmaceutically-acceptable salt 
thereof, and an effective amount of uridine or a pharmaceu- 
tically-acceptable salt thereof. 

[0035] A further object of the invention is to provide a 
method for preparing a composition for use in treating or 
preventing memory impairment, comprising the steps of 
providing an effective amount of citicoline, or a pharma- 
ceutically-acceptable salt thereof, providing an effective 
amount of one or more second compounds selected from the 
group consistmg of linoleic acid and linolenic ackl, and 
combining said citicoline with said one or more second 
compounds to form a pharmaceutically-acceptable prepara- 

[003ti] Another aspect of this invention is to provide a 
method for preparing a composition for use in treating of 
preventing memory impairment, comprising the steps of 
providing at least one of an effective amount of dioline or 
a pharmaceutically-acceptable salt thereof, providing an 
effective amount of cytidine or a pharmaceutically-accept- 
able salt thereof, providing an effective amount of uridine or 
a pharmaceutically-acceptable salt thereof. 

[0037] A further aspect of this invention is to provide a 
method of preventing or treating cognitive disorders, com- 
prising the steps of administering at least one of an effective 
amount of choline or a pharmaceutically-acceptable sail 
[hereof, adminislering an effective amount of cytidine or a 
pharmaceutically-acceptable salt thereof, adminislering an 
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effective amount of uridine or a pharmaceutically-accept- 
able salt thereof; and continuing to administer said citicolinc 
for a period of al least about six weeks. 
[0038] An additional object of this invention is to provide 
a method of preventing or treating memory impairment, 
comprising the steps of administering an effective amount of 
citicolinc, or a pharmaceutically-acceptable salt thereof, 
combined with one or more of the compounds selected from 
the group consisting of linoleic add and linolenic acid, and 
continuing to administer said citicoline for a period of al 
least about six weeks. 

[0039] These and other objects and aspects of the inven- 
tion Virill be apparent to those of ordinary skiU in view of the 
discussion above and the additional detailed description 
provided below relating to preferred embodiments of the 
invention. 

4. BRIEF DESCRIPTION OF THE DRAWINGS 

[0040] FIG. 1 depicts a graph comparing the mean times 
taken by four groups of rats to acquire a hidden target. Rats 
were grouped according to whether they were reared in 
restricted or enriched conditions, atid whether they received 
a diet supplemented with CDP-choline and unsaturated acids 
or a standard diel. 

[0041] FIG. 2 depicts a graph comparing the mean times 
taken by the same four groups of rats to acquire a visible 

[0042] FIG. 3 depicts a bar graph compaiiog the mean 
times taken by the same four groups of rals to acquhe a 
visual discrimination task. 

[0043] FIG. 4 depicts bar graphs comparing the mean 
correct responses given by tbe same four groups of rats when 
presented with distracting stimuli during a learned stimulus- 
response task. 

[0044] FIG, 5 depicts a bar graph comparing the mean 
correct responses given by four groups of rats after origi- 
nally learning relevant information while being presented 
with additional irrelevant information. 
[0045] FIG. 6 depicts a bar graph comparing the amounts 
of phosphatidylcholine produced by CHP134 cells that were 
administered a choline-containing medium that also con- 
tains one of uridine, diacylglyceroi, or a combination of 
uridine and diacylglercerol, as compared to control cells 
receiving only cholioe-containing medium. 
[0046] FIG. 7 depicts a bar graph comparing the amounts 
of CDP-choline remaining in CHP134 cells that were 
administered a choline-ooniaining medium that also con- 
tains one of uridine, diacylglyceroi, or a combination of 
uridine and diacylglyceroi, as compared to control cells 
receiving only choline-containing medium. 

5. DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0047] This invention comprises compositions and meth- 
ods for preventing and/or reducing memory impairment 
caused by MCI or AD, or by any of a number of other 
conditions, including those caused by cerebrovascular dis- 
ease. The compounds of this ioventioo include citicoline, 
and/or any combination of choline, cytidioe, and uridine, 



which are believed to increase production of membrane 
phosphatidyl choline and acetylcholine, thereby enhanciDg 
the growth of brain cells and increasing the availability of 
neurotransmitters. The compounds of this invention may 
also optionally include one or more fatty acids, such as 
linoleic acid or linolenic acid, or any other fatty acid that is 
metabolized to form diacylglyceroi (DAG). 
[0048] Without being limited by theory, it is believed that 
citicoline and its metabolites have at least a multiple mecha- 
nism of action: aiding in the repair of damaged nenronal 
tissues, enhancing the growth of axons and synapses, and 
aiding in the synthesis of brain neurotransmitter acetylcfao- 
h'ne. Administration of citicoline is also believed to repair 
tissue damage by preventing the accumulation of potentially 
toxic free fatty acids which can be oxidized to generate free 
radicals, and the activation of enzymes that liberate these 
fatty acids. Upon oral or parenteral administration, CDP- 
choline releases its two principle components, cylidine and 

[0049] In humans, most of the cylidine is converted to 
uridine, which is phosphorylated to form uridine triphos- 
phate (UTP), that is then converted to cylidine triphosphate 
(CTP). In addition, the choline is converted to its interme- 
diate phosphocholine by the enzyme choline kinase. The 
CrP and phosphocholine together form CDP-choline in the 
brain, and the presence of DAG allows formation of phos- 
phatidylcholine, a major neutonal membrane constituent, lb 
promote availability of DAG. it is beneficial to administer a 
fatty acid such as linoleic acid or linolenic acid in conjunc- 
tion with the citicolinc, as these fatly acids are metabolized 
in pari to form brain DAG. It is believed thai DAG enhances 
the activity of choline phosphotransferase, although the 
invention is not bound to anv particular theory. See Araki & 
Wurlman, Proc. Nat'l. Acad. Sci. U5.A. 97: il,!M6-ll,950. 
[0050] When administered orally, CDP-choline is 
absorbed almost completely, and its bioavailability is 
approximately the same as when administered intrave- 
nously. Once absorbed, it is metabolized to cylidine, uridine 
and choline which are dispersed widely throughout the 
organism, crossing the blood-brain barrier and reaching the 
central nervous system (CNS), where they are incorporated 
into the pho-spholipid fraction of the membrane and 
microsomes. CDP-choline activates the biosyntbesis of 
structural phospholipids in the neuronal membranes, con- 
currently increasing cerebral metabolism and acting on the 
levels of various neurotransmitters. Due to these pharmaco- 
bgical activities, CDP-choline has a neuroprotective effect 
in situations of hypoxia and ischemia, and results in 
improved learning and memory performance in animal 
models of brain aging. 

[OOSI] It is further postulated that to normalize brain 
fiinction, nerve cells damaged by disorders affecting cogni- 
tive abihly must manufacture new membrane elements, and 
the amount of neurolran^itters present in the brain must be 
increased. As described below, in preclinical animal models 
of cognitive impairment, administration of CDP-choline as 
a dietary supplement is shown to significantly improve 
cognitive function. It should be noted that the CDP-choline 
was also administered in coojunction with both linoleic acid 
and linolenic acid. 

[0052] This invention is directed to a new and importanl 
use of citicoline and its metabolites: the treatment and 
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prevenlion of mcmoiy impairment caused by any of a 
number of nnderlying conditions. Although stabilization of 
membranes and increased produclion of acetylcholine are 
believed to be of benefit in treating cognitive dysfunction, it 
has not been definitively demonstrated that production of 
additional neuiutransmitlers and stabilization of membranes 
will improve cognitive fiinclion. The inventors have unex- 
pectedly found that administration of citicoline significantly 
improves cognitive function, presuraaWy by altering phos- 
phatidylcholine synthesis and membrane formation and 
stimulating acetylcholine production, although this ioven- 
tion is not limited to any particular mechanism of action. 

[0053] The cilicoline-based compositions of this invention 
are generally preferred to be administered orally as a phar- 
maceutically-acceptable salt thereof. The preferred salt is the 
monosodium salt of cilicohne, as this form is readily avail- 
able in pharmaceulically-acceptable purity, allhough use of 
other pbarmaceuticaUy-acceptable citicoline salts is also 
envisioned. Further, where any combination of choline, 
cytidine, and uridine is used, it is also preferably adminis- 
tered orally as a pharmaceutically-acceplable salt or in a 
food. 

[0054] Treatment under the invention is preferably begun 
prior to the onset of cognitive impairment symptoms, such 
as memory loss, e.g., in people who have had a stroke or 
brain injury, or shortly after such symptoms are first exhib- 
ited. However, the compositions and methods of this inven- 
tion may also be beneficially administered to patients exhib- 
iting advanced cognitive impairmeot in order to improve 
their cogniiivc function. In a specific embodiment of the 
invention, trealcneni is continued for at least up to about 
several weeks, preferably at least up to about several 
months, and most preferably for an indefinite period after the 
start of treatment. 

[0055] Hence, according to one embodiment of the inven- 
tion, a method is disclosed of treating memory impairment, 
and preventing future impairment, in a patient who has a 
disorder that causes cognitive dysfunction, comprising 
administering an effective amount of citicoline or a pbar- 
maceutically acceptable salt thereof over a period of at least 
several weeks. Preferably, a fatty acid such as linoleic acid 
or linolenic acid is administered in conjunction with the 
citicoline. Preferably, the doses are administered at least 
once per day, and the trealraenl begins prior to the onset of 
symptoms of cognitive impairment. The preferred dose of 
about 40 to about 4000 mg of citicoline or its pharmaceu- 
tically acceptable salt may be administered one or more 
times daily. Alternatively, the method of this invention may 
comprise administering an cflfcctive amount of a combina- 
tion of any of choline, cytidine, and uridine, or pharmaceu- 
tically-acceptable salts thereof, optionally in conjunction 
with administration of one or more fatty acids, over a period 
of at least several weeks. 

[00S6] The method of this invention finds its most advan- 
tageous use in human patients who have a disorder that 
results in memory impairment and other cognitive dysfunc- 
tions, including patients with MQ and AD. It cannot be 
stressed enough, however, that the citicoline, or the choline, 
cytidine, and uridine combinations, should be administered 
as soon as possible after symptoms of impairment begin lo 
be exhibited, Furlbei, citicoline, or the choline, cytidine, 
uridine combinations, may be administered as a preventative 



measure to patients at risk for developing disorders that 
cause cognitive impairment. It is beneficial to co-administer 
these compositions with essential fatty acids that arc 
metabolized to form DAG, such as linoleic acid or linolenic 

[0057] A variety of dosage ranges are suitable. The citi- 
coline dosage under the invention may be from about J.0 mg 
to about 1000 mg from one to about 4 limes per daj'. For 
example, when a single daily dose is desired, citicoline is 
administered in from about 40 to about 4000 mg per day, 
preferably from about 500 to about 2000 mg per day. In one 
embodiment of the invention, the dose is 1000 mg per day. 
When choline and cytidine and/or uridine are used, the dose 
is preferably sufiicieot lo provide these compounds in 
amounts that are commensurate with the amounts of choline, 
cytidine and/or uridine released when citicoline is metabo- 

[0058] For the composition of this invention, the amount 
of citicoline, or a pharmacotogicaUy-acceptable salt thereof 
required to achieve a therapeutic effect will vary with the 
route of administration and the particular disorder or disease 
to be treated. A suitable systemic dose of the active ingre- 
dient for a mammal suJffering from, or likely to suffer from, 
any of the conditions described herein, is in the range of 40 
mg to 4000 mg per day, with a preferred dose of 2000 mg 
per day. Adose of 1000 mg citicoline per day in a human will 
produce a plasma clioline concentration of 1.5 ng/ml, the 
same as that produced tiy the administration of 500 mg/kg/ 
day citicoline to the rat. It has been shown, however, that 
500 mg per day conveys most of the benefits of cilicoKne 
treatment while minimizing any negative side effects, 
including dizziness, which may be experienced by some 
patients. 

[0059] While it is possible for citicoline, or a combination 
of choline and cytidine anchor uridine to be administered 
alone, and in combination vidth fatty acids such as linoleic 
acid and linolenic acid, it may be preferable to present the 
active ingredients of the compositions of this invention as a 
formulation. Formulations of the active ingredients suitable 
for oral administration may be in the form of discrete units, 
such as capsules, cachets, tablets, or lozenges; in the form of 
a powder or granules for reconstitution; in the form of a 
solution or a suspension in an aqueous liquid oi nonaqueous 
liquid; or, in the form of an oil-in-water emulsion or a 
water-in-oil emulsion oi in a food base, e.g., pasta. The 
active ingredient also may be in the form of a bolus, 
electuary, or paste. Formulations of the active ingredient 
suitable for parenteral administration may comprise a sterile, 
aqueous preparation of the active ingredient. Jlie formula- 
tions may be presented in unit dosage form and may be 
prepared by any of the methods well-known in the an of 
pbaimacoiogy. 

[0060] In addition to containing the standard and well 
known pharmaceutical carriers and/or excipients, all of the 
above formulatioos may optionally contain one or more 
other therapeutically-aclive substances. Thus, this invention 
also contemplates a combination treatment regimen that 
relates to the administratioa of a composition including 
citicoline, or any combination of choline, cytidine, and 
uridine, with at least one additional therapeutic agent, or the 
respective phannaceutically acceptable salts thereof. 
[0061] Broad categories of the one or more optional 
additional therapeutic agents arc contemplated. These agents 
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include, bul are nol limited lo, "neuroprotectives" (e.g., 
inhibitors of the actions of excitatory amino acids, ACEA- 
1021, ACPCAptigancl, BW-619C, CNS-n45, CNS-1505, 
CPC-71 and CPC-702, Dextrorphan and Dextromethoiphan, 
Eliprodil, ES-242-1, FPL-15S96, FR-115427, GP-1-4688, 
L-687414, L-689560, L-695902, LY-104658, LY-235959, 
LY-274614, LY-2935S8, Memanline, NNC-07-9202, 
NS-2S7, NPC 17742, "Prolara", Remacemidc, Riluzole, 
SDZ EAA 494, Selfotel, SYM-1010. SYM-1207, YM-SOK, 
MK-801); calcium channel blockers (e.g., AJ-394, AK-275, 
Calpain inhibitors, CD-349, Qentiaze, CNS-1237, CNS- 
2103, CPC-304 and CPC-317, Dozodipine, Diperdinine, 
Emopamil, Fasudil, Lacidipinc, Lifarizine, Lomerizine, 
Magnesium, MDL:2ai70. NB-818, Nilvadipine, Nimo- 
dipine, NS-626 and related compounds, SM-6586, SNX- 
111, S-312-d, U-92032, UK-74505. US-035); agents tar- 
geted at nitric oxide; agents targeted at various other 
neurotransmitters (e.g., alphas-receptor therapeutics, 
CV-5197, Dopamine receptors, Enadoline, Lazabemide, 
Milnacipran, Nalmefenc, RP-60180, SR-57746A, Synaptic 
uptake blockers); cytokines; hormones and related products 
(e.g., AN-100225 and AN-100226, Brain-derived neu- 
rotrophic factor, Calcitonin gene-relalod peptides, CEP075 
and related compountls. Ciliary neurotrophic factor, Endot- 
helial cell factor, Endolhelin inhibitors, FR-139317 Inter- 
leukin-I receptor antagonist (lipocortin), JTP-2942, Mac- 
rophage-regulaling compounds, Motoncuronctrophic factor 
NBI-117, Nerve growth factor, Neural stem cells. Neutro- 
phil inhibitory factor, NS-506, NT-3, Posatirelin, Schwann 
cell promoters, sCRl, Somatomedin 1); tee radical scav- 
engers (e.g., EPC-Kl, MCM86,Nicaraven, Phenazoviridin, 
Resorstatin, Rumbrin, Superoxide dismulase, Tirilazad 
mesylate, U-88999E, Yissum project P-0619,YM-7My, gan- 
gliosides and related products (e.g., L1GA4, UGA4, Mono- 
sialoganglioside (GMl), ND-37. Siagoside). 

[0062] Still other classes of the one or more optional 
additional therapeutic ageals include, bul are not limited to, 
modulators of various specific enzymes (e.g., CEP-Z17, 
CEP-245, CEP-392, CNS 1531, Ebselen, Epalrestat, JTP- 
4819, K-7259, Protease nexin-1, SK-827, Tyrosine kinase 
modulators, Z-321); memory enhancers or "nootropics" 
(e.g., Aloracetam, Choline-L-alfoscerate, DN-2574, Ide- 
benone, Oxiracetam, Piracetam, Pramiracetam, Tacrine and 
its analogues, Vinconate), neuroprotectives v/ith "diverse" 
actions (e.g., Adoniethionine sulphate tosilate, Ancrod, 
Apocuanzine, CPC-111, CFC-211. HSV vectors, KF-17329 
and KF-19863, LY-178002, MS-153, Nicorandil, N-3393 
and N-3398, SUN 4757, TJ-8007, VA-045); and imaging or 
contrast agents. 

[0063] Therefore, methods and compositions are provided 
for treating a subject who is experiencing memory impair- 
ment or other forms of cognitive dysfunction, comprising 
administering a composition including an effective amount 
of citicoline, or effective amounts of choline, cytidine, 
aod/or uridine, optionally including one or more fatty acids 
such as linoleic or linolenic acid that metabolize to form 
DAG, and at least one additional therapeutic agent, or their 
respective pharmaceutically acceptable salts, shortly after 
the onset of symptoms. More preferably, the composition is 
administered before symptom onset for patients at risk for 
developing cognitive disorders. The treatment regimen may 
be continued for a period of several weeks, several months, 
or indefinitely, depending on the condition of the patient. 



[0064] The method of using the contemplated composi- 
tions includes the administration or co-administration of 
subsequent doses, which is preferably carried out over a 
period of at least about several weeks. In specific embodi- 
ment of the invention, the administration of the composi- 
tions of this invention is carried out over a period of at least 
about several weeks, pieferaWy over a period of at least 
about several months, and most preferably over an indefinite 
period. Furthermore, the doses are admini.stered one or more 
times daily over the treatment period. It is anticipated that 
subjects who may benefit the most from this therapy are 
those who suffer from MCI or AD. 

[0065] Further, the compositions of this invention may 
also optionally include or be administered in conjunction 
with additional therapeutic agents, such as NSAlDs, gingko 
biloba, vitamin E, and certain B vitamins, which may be 
usefiil in treating or preventing memory impairment asso- 
ciated with Ma or AD. 

[0066] Hence, a composition is likewise provided for the 
treatment of a subject experiencing memory impairment, 
comprising an effective amount of citicoline, or effective 
amounts of choline, cytidine, and/or uridine, optionally 
including one or more fatty acids (hat metabolize to form 
DAG, and one or more additional therapeutic agents, or their 
respective pharmaceulically-acceptable salts, in a pharma- 
ceutically-acceptable carrier. In such a composition the 
effective amount of active ingredients may vary according to 
the particular needs of the patient. Typical ranges, however, 
may be firom about 40 mg to about 4000 mg of citicoline and 
about 10 mg to about 500 mg of the one or more optional 
additional therapeutic agents. 

[0067] The present invention is illustrated by the 
Examples that follow, it being understood, however, that the 
invention is nol limited to the specific details of these 
Examples. 

6. EXAMPLES 
[0068] 6.1. Animal Trial 

[0069] The ability of citicoline to prevent or minimize the 
effects of memory impairment was demonstrated in a model 
of memory impairment in the rat. The impairments studied 
in rats are very .similar to the type that occur in people with 
age-related memory impairment (or "minimal cognitive 
impairment"), as well as in more severe dementias, e.g., 
following stroke, brain injury or Alzheimer's Disease, in that 
they involve the same part of the brain, i.e., the hypothala- 
mus. The memory impairment model in the rat was pro- 
duced by separating rats weaned at 23 days old into four 
groups, and introducing them into either enrichetl or 
restricted environmental conditions, with or without supple- 
mentation of their diets with citicoline (500 mgtg/day), 
linoleic acid, and linolenic acid for three months. Behavioral 
testing was conducted over a six week period during which 
the environmental and dietary conditions continued. 

[0070] Animals from the group subjected to restricted 
environmental conditions that did not receive diets supple- 
mented with citicoline exhibited a significant impairment in 
hippocampus-dependent types of memory. These animals 
were also susceptible to distraction by placing other objects 
in their environments. However, animals from the group 
subjected to restricted environmental conditions that did 
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receive diets supplemeated with citicoline, Jinoleic acid, and 
linolcnic acid were protected against developing these 
memory impairmeots, and performed in a manner consisLenl 
witli that exiiibited by the rats raised in enriched conditions. 
Addition of citicoline, linoleic acid, and linolenic acid to the 
diets of rals raised in enriched conditions did not appear to 
produce any effect on ability to kam tasks, or to perform 
them when presented with distracting stimuli. 

[0071] Referring to FIG. 1, this graph shows the results of 
behavioral testing using a hippocampal-dcpendcDl memory 
task. Rals reared under restricted conditions that were not 
provided with a diet supplemented with citicoline, linoleic 
acid, and linolenic acid took longer to acquire a hidden 
platform than rats raised in enriched conditions or rats raised 
in restricted conditions that received a diet supplemented 
with citicoline, linoleic acid, linolenic acid. This study 
shows that the supplementation with citicoline, linoleic acid, 
and linolcnic acid impiovesthe memory deficit of rals raised 
under restricted conditions, to the point that they are able to 
perform the task with efficiency similar to that of rats raised 
under enriched conditions. 

[0072] Referring to FIG. 2, when preserkted with a stria- 
tum-dependent memory task, rals reared in restricted con- 
ditions perform almost as well as rats raised in enriched 
conditions, regardless of whether they received a diet 
supplemented with citicoline, linoleic acid, and linolenic 

[0O73] As shown in FIG. 3, rats reared in restricted 
conditions require a longer period of time to acquire a simple 
visual discrimination task than do rals raised in enriched 
conditions. Providing a diet supplemented with citicoline, 
hnoleic acid, and linolenic acid alleviates some of the 

[0074] FIG. 4 illustrates the effect of distraction by irrel- 
evant cues while performing a well-leamed vi.sual discrimi- 
nation stimulus-response task. Rats reared in restricted con- 
ditions were more distracted by the irrelevant information, 
while rats reared in enriched conditions were less distracted, 
evidencing their superior selective attention skills. Dietary 
supplementation with citicoline, linoleic acid, and linolenic 
acid alleviated the deficit in selective attention in rats reared 
in restricted conditions. 

[0075] llie test depicted in FIG. 5 compares the ability to 
leam and retain relevant information. Rats reared in 
restricted conditions were impaired in their ability to learn 
the relevant information because of the presence of addi- 
tional irrelevant information. Rats reared in restricted con- 
ditions thai received a diet supplemented with citicoline, 
linolenic acid, and linoleic acid were better able to focus 
attention on the relevant infoimafiOD. 

[0076] 6.2 Cell Cultures 

[0077] The ability of diacylglycerol (DAG, or diC8 as 
shown in FIGS. 6 and 7) to enhance the synthesis of 
phosphatidylcholine was assessed in cell cultures of the 
human-derived CHP 134 cell line. The cell cultures were 
exposed to medium containing choline, and the cell cultures 
were then divided into four groups according to whether no 
additional compounds were added to the medium (control 
group), 100 uridine was added to the medium (uridine 
group), 500 diacylglycerol was added to the medium, 



(dies group), or 100 /tM uridine and 500 fM diacylglycerol 
were added 1o the medium (uridine+diC8 group). 
[0078] FIG. 6 compares the amount of phosphatidylcho- 
hne formed by each of the four groups of cell lines. The 
results indicate that the cell culture exposed to choline, 
uridine, and DAG produced the highest levels of phosphati- 
dylcholine, followed by the cell culture exposed to choline 
and DAG. The control cell cullure showed the lowest level 
of phosphatidylcbolioe pioduction. These results highlight 
the usefulness of providing a source of DAG along with 
choline and uridine. 

[0079] FIG. 7 compares the amount of CDP-choline 
remaining in each of the tour groups of cell lines, with lower 
levels indicating that more CBP-chdine was converted to 
phosphatidylcholine. The results indicate that the cell cul- 
ture exposed to choline, uridine, and DAG had the lowest 
levels of CDP-choline remaining, which is consistent with 
the results obtained in FIG. 6 that indicated that this group 
produced higher levels of phosphatidylcholine. The cell 
culture su^iplemented with choline and DAG exhibited 
lower levels of CDP-chohne than did the group supple- 
mented with choline and uridine. The control group con- 
tained CDP-choline al a level commensurate with that of the 
choline and DAG group. This result is not unexpected due 
to the role of DAG in combining with CDP-choline to form 
phosphatidylcholine. The absence of additional DAG in the 
uridine and choline-supplemenled group likely resulted in 
increased production of CDP-choline, without enough DAG 
to allow all of it to be converted to phosphatidylcholine. 

[0080] Other embodiments should be apparent to those of 
ordinary skill in view of the detailed disclosure provided 
herein, which embodiments would nonetheless fall within 
the scope and spirit of the present invention. Hence, the 
preceding preferred embodiments should not be construed as 
limiting the invention in any way. 



What is claimed is; 

1. A composition comprising citicoline, or a pharmaceu- 
tically-acceptable salt thereof, wherein said citicoline is 
metabolized to form at Iea.51 one of cylidine, uridine, and 
choline. 

2. The composition of claim 1, further comprising one or 
more of the compounds selected from the group consisting 
of linoleic acid and linolenic acid or their active metabolites. 

3. The composition of claim 2, wherein the active metabo- 
lite is arachidonic acid or docsoheicenoic acid. 

4. A coraposition comprising at least one of choline or a 
pbarmaceutically-acceptabie salt thereof, cylidine or a phar- 
maceutically-acceplable salt thereof; aod uridine or a pbar- 
maceutically-acceptabie salt thereof 

5. The compositioa of claim 4, further comprising a fatty 
acid. 

6. The composition of claim 4, wherein the fatty add is 
selected from the group consisting of linoleic acid and 
linolenic acid or their active metabolites. 

7. A method for preparing a composition for use in 
treating or pieventiog memory impairmeat or cognitive 
dysfiiDction, comprising the steps of: 

providing an effective amount of citicoline, or a pharma- 
ceutically-acceptable salt thereof; 
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providing an effective amount of one or more second 

compounds selected from the group consisling of 

linoleic acid and linoleoic acid; and 
combining said citicoline with said one or more second 

compounds lo form a pharmaceutically-acceptable 

preparation. 

8. A method for preparing a composition for use in 
treating or preventing memory impairment or cognitive 
dysfunction, comprising the steps of: 

providing an effective amount of choline or a pharma- 
ceulically-acceptable salt thereof; 

providing an effective amount of cytidinc or a pharma- 
ceulically-acceplable salt thereof; and 

providing an effective amount of uridine or a pharmaceu- 
lically-acceptable salt thereof. 

9. A method of preventing or treating cognitive disorders 
or memory impairment, comprising the steps of: 

administering an effective amount of choline or a phar- 
maceutically-acceptable salt thereof; 

administering an effective amount of cytidine or a phar- 
maceutically-acceptable salt thereof; 

administering an effective amount of uridine or a phar- 
maceutically-acceptable salt thereof; and 

continuing said administration for a period of at least 
about six weeks. 

10. The method of claim 9, fiirther comprising the step of 
administering one or more of the compounds selected from 
the group coosisliug of linoleic acid and linolenic acid. 

11. A method of preventing or treating cognitive disorders 
or memory impairment, comprising the steps of: 

admmislering an effective amount of choline or a phar- 
maceutically-acceptable salt thereof; 

administering an effective amount of cytidine or a phar- 
maceulically-accepuble salt (hereof; and 

continuing said administration for a period of at least 
about six weeks. 



12. The method of claim 11, further comprising the step 
of administering one or more of the compounds selected 
from the group consisling of linoleic acid and linolenic acid. 

13. Amethod of preventing or treating cognitive disorders 
or memory impairment, comprising the steps of: 

administering an effective amount of choline or a phar- 
maceutically-acceptable salt thereof; 

administering an effective amount of uridine or a pbar- 
maceulicciUy-acceplable salt (hereof; and 

coalinuing said administration for a period of at least 
about six weeks. 

14. The method of claim 13, further comprising the step 
of administering one or more of the compounds selected 
from the group consisting of linoleic acid anid linolenic acid. 

15. Amethod of preventing or treating cognitive disorders 
or memory impaircnent, comprising the steps of: 

administering an effective amount of cytidine ot a phar- 
maceutically-acceptable salt thereof; 

adnnnislering an effective amount of uridine or a phar- 
maceutically-acceptable salt thereof; and 

continuing said administration for a period of at least 
about six weeks. 

16. The method of claim 1.5, further comprising the step 
of administering one or mote of the compounds selected 
from the group consisting of linoleic acid and linolenic acid. 

17. Amethod of preventing or treating cognitive disorders 
or memory impairment, comprising the steps of: 

administering an effective amount of citicoline, or a 
pharmaceutically-acceptable salt thereof, combined 
with one or more of the compounds selected from the 
group consisting of hnoleic acid and linolenic add; and 

continuing to administer said citicoline for a period of al 
least about six weeks. 
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[57] ABSTRACT 

The present invention provides an ophthalmic composition 
comprising a sleep inducing substance or a sleep inhibiting 
substance, and the sleep indndng substance or the sleep 
inhibiting substance is derived &om an organism. Thus, the 
invention provides an ophthalmic conj^osition comprising a 
sleep adjusting substance which normalizes irregularity of 
the rhy^m of sleep and a liquid cpbtitalntic medicament 
comprising the can:y»sition, the ooniposition and the medi- 
cament bdng safe and obtainable by anyone, and a method 
for regulating the ifaythm of sleep con^)irising instilling the 
ophthalmic medicament including the sleep adjusting sub- 
stance to an individual. 

S Claims, 3 Drawing Sheets 
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OPHTHALMIC COMPOSITION (1989)). Sach substances do not cause anterograde anmesia 

COMPRISING A SLEEP ADJUSTING as the synthetic sleeping drugs do. Sleep inhibiting sub- 

SDBSTANCE stances derived from an organism are also known, and there 

is no report of any habituation by using such sleep inhibiting 
substances over a long period of time. 

Therafore, these sleep inducing substances and sleep 
inhibiting substances both derived from organisms 
BACKGROUND OF THE INVENTION (hereinafter referred to as the "sleep adjusting substances") 

are very useM in treating any disorder in the rhythm of 
1. Field of the Invention sleep. 

The present invention relates to an opbibabnic ccxqxist- As an adminlstFation method cS a sleqking drug, an oral 
Hon comprising a substance for regulating Uie rhythm of administration or an injection is generally used, and the oral 
slecR and a mahod for regulating the rhyflimcrfsleq) by the adimnistration is prefeied because it is single. However, 
instillation of a medicament ctni^iiBuig the con^x>sition to ^^^P inducing or sleep inhibidog substances derived 

the eye. js organisms is signiiicantly effective only when they are 

of the Related Alt administered direcUy into a cerebral ventricle. There are a 



.-sv reports that it was effective to administer \^.^.^ ^ 
Synthetic sleeping drugs have been used to correct the abdominal cavity. But lie administration into the cerebral 
disorder in the rhythm of sleep. A synthetic sleeping drug is ventricle or abdominal cavity is neither convenient nor 
administered, if necessary, for example, to those suffered practical. As the oral adminislralion of these substances, 
ftoma so-called jet lag after an overseas trip, a detaioiated 20 relief of jet lag by orally administalDg melatonin has been 
physical condition due to ihree-*ift work, aycterine podo- reported (Arendt et aL, JJc Med. X, 292: 1170 (1986); and 
mania due to senile danratia, and insomBia due to stress. oral administration of tryptophan is known. In these cases. 
However, since an ejicessive dose of some of the synthetic the oral administration is soanewhat dlfective, bat there is no 
sleeping drags can cause the death of a taker, dose attention report, except for the above, that flie oral aihnimstration of 
must be paid to their administration. 25 the above described sleep adjusting substances derived &om 
Such synflietic sleqjing drags are divided into two types: f oigsmsm is effective. This is because these substances 
a barbiturate type and a non-barbiturate type. The barbiturate ^^'^^ f disadvantage that they are easUy metabolized in an 
type sleeping drags have a strong effect and thus are highly organism and scarcely reach the region for adjusting the . 
dangerous. TTic non-barWturate type sleeping drags hwe biological rhythm in the br^ssace they are derived ftom an 
relativdy moderate effects. '° organism. Therefore, it has been impossilile to put these 
,_ . . . » ^ , ■ J u substances to practical use. 
Among such non-t>arbiturate type sleeping drugs, benzo- 
diazepine type sleeping drugs sudi as HalcioB (trade name) SUMMARY OF THE INVENTION 
arercgardedtobecoinparatively safeandarewidelyutiKzed The ophthalmic con^josition <rf the invention comprises 
cHnically these days. But it is known that diese drugs can 35 at least one sleep adjusting substance, 
cause anteograde amnesia. It is unknown how the amnesia ^ one aspect of the invention, the sleep adjusting sub- 
occurs, but the cause is presumed to be as foHows. Sleep is stance is derived from an organism, 
generally divided into nvo^pcs on the basis of the charao- ^^^^^ „f ^^^^^ ^1 
tensbcs thereof: NoD-REM sle^ (stow wave sleep) and ^^^stance derived from an organism is at leasf one sleep 
I^s^eep (paradoxical slej).Thephysiologicalmea^ ,„bstance selected from the group consisting of 
of the two types h^ve "ot been fully understood as yet, but promoting substance, adenoske, prosta|an- 
it IS blown that a rat that has been e«penmontally depnved ^ ^ deli-sleep-induciBg peptide, piperidlne, 2-oV 
of REM sleep, that is a REM deep depnvaUon rat, suffers gamm^.teomoace^ctatc arS vasotodn. i;datonin, 

Ssxs^tS'i^^OSr sub^ta^d^^s ^ ^^•'•"■.^^ ^^n""^ 

induce anterograde amnesia. Therefore, such ben2odia2- '^fl'^ " ?TTL^ 

epine type slewing drugs are not suitable for patients with substance selected from the ^0,^ co^g of 

Se d™Twho cL easily faD into amnesia or other ^ ^ytld'nf.P^ostaglmidmE,,ddU-slecp.inducm8 peptide, and 

defects ofmemory and for students preparing themselves for ''^'''"'''f^^^^ ...... , . 

an examination who should maintain their memory as ITius, the invention descnbed herem makes possible the 

dearly as possible. advantages of (1) providing an of^thalmic composition 

c, .u ' • 1 . J ..J comprisiDg a sleo) adjusting substance which normalizes 

Since the synthetic sleeping dmgs are somewhat danger- j^elularit; of the rhythm of sleep and a liquid ophthalmic 

Qus m this mann«, it 1. mipossible to obtam them without 55 „ie4:ament compri4g the c^sition. me coiyosition 

me prescription o a doctor, which causes inccnvemence for ^.e medicaSbdng obtainable bylnyone, 

those who are not under medical treatment p) providing a method for regulating the rhythm of 

On the other hand, sleep mduang substances derived sleep comprising instiUlng the ophthalmic medicament 

fiom an wganism have been reported as being different from including the sleep adjusting substance to an individual 

me above described synthetic sleeping drugs. Substances 60 jhese and other advantages of the present invention will 

derived from an organism herein mean substances existing become apparent to those skiUed in the art upon reading and 

in a body of an organism. Exai^ples of such substances understanding the following de- taQed description with 

mdudelhose synthesized m the body of an organiim and reference to the accompanying figures, 

those from outside a body and utili2ed rfter intake for j o » 

metabolism. Kis known mat these sleq> inducing substances 6S BRIEF DESCRIPTION OF THE DRAWINGS 

induce natural and physiological sleep wifeout reducing the FIG. 1 is a graph showing a change wim time in me 

hours of REM sleep (Bort>ely ct al.. PlefsioL Rem, 69: 605 locomotor activity of a mouse whitdi is instilled wim an 
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cphthalmic medicament prepared from an ophthalmic com- of an SPS molecule as is nridine. Even a small amount of 

positloii the present invention including uridine. oxidized glutathione injected iato a brain lengthens both 

HG. 2 is a graph showing a change with time in the non-REM sleep hours and REM sleep hours, 

locomotor activity of a mouse which is instilled v/ilh an Examples of the sleep inMtntiiig substances derived bom 

ophdialraic medicament prepared from an ophthalmic com- 5 an organism used in the present ioveDtion include cytidine, 

position of the present invention including prostaglandin Dj prostaglandin Ej and DSIP. Among these sleep inhibiting 

(PGD,). substances, cytidine has been reported to increase arousal 

FIG. 3 is a graph showing a change with time in the hours and decrease total sleep hours when administered into 

locomotor activity of a mouse which is dosed with an a cerebral ventricle (Radulovacki et el., 

ophthalmic medicament prepared from an ophthalmic ccm- ^° Psychopkarmacology, 87: 135 (1985)). The sleep inhibiting 

position of the present invention including cytidine. activity of prostaglandin was found by Matsumura, a 

FIG. 4 is a graph showing a change wift time in the memberof theHayaishigtoup.DSDPis apeptidecompiising 

locomotor activity of a mouse which is dosed with an nine amino adds, end is known to in(Uice sleep when 

ofAthalmic medicament prepared firom an ophthalmic com- administered into a cerebral ventricle of a rabbit 

position of the present invention including delta-sleep- " (SdioenenbeiBereteL,/>rec.iVflrf.iice</.Srft/SA,74: 1282 

inducing peptide (DSIP). (1977)). I>SIP is also Icncwn to have an anti-stress activity 

FIG. S is a graph showing a change with time in the f"* ^ l^f^l sl^p inhibition when administered to a 

locomotor actiri^ of a mouse which is dosed with an ^^^^ (Schneider-Hehnert et eL, E^erientia. 37: 913 



ophthalmic medicament prepared from an ophthalmic c 



position of the present invention inclading pipcridinc. Such sleep adjusting substances can be obtained by iso- 

FIG. « is a graph showing a change with time in the ^^^"2 purifying the substance from an organism; by 
locomotor activity of a mouse «*ich is dosed with an Producing a genetic engineering techniqae; txr by 
ophthalmic medicament prepared from an ophthalmic com- chemical synthesiang. 

J The ophthalmic composition of the present invention can 

be obtained by comhiiung the sleep adjusting substance 
with, if necessary, additives generally used in an ophthalmic 
medicament such as an isotonic agent, a buffer, and a 
EMBODIMENTS preservative; and additives for enhancing the function of the 

Esamples of the sleep inducing substances derived frcan so ^'^P adjusting substance. An example of the isotonic 
an organism used in the present invenliDn include uridine, includes sodium chloride. Examples of the buffer 

sleqj iffomoting substance (SPS), adenosfaie, prostaglandin ia^AMie boric acid, sodium hydrogenphosphate and diso- 
Dj(PGDj), delta-sleep-inducing peptide (DSE'),piperidine, '^'^ hydrogenphosphate. Examples of the preservative 
2-oclyl-gamma-bromoacetoacetate (gammaferom), aiginine benzalltonium chloride, benzethonium chloride and 

vasotocin (AVT), melatonin, serotonin, tryptophan and oxi- 35 chlorobutanol. Examples of the additives for enhancing the 
dized glutathione (GSSG). activity include a degrading enzyme inhibitor and a viscosity 

Among the above-mentioned substances, SPS is a sleep '^^ft ^ '''^^^^ ^"^^^ 

■ - - - .... . ... jand of the used sleep adjnstuig substance and the additive. 



inducing substance derived from a sleep deprivation m 



The structure thereof is now being elucidated. Uridine is a Moreover, the ophU 
part of an SPS molecule. It has been reported that an 40 adjustuig substance alone or in combmatton with an additive 
injecUonofonlylOpmoleofuridmeintoacerehralventTicIe exceptforthe above. 

■ ' >n-REM sleep (Honda etaI.,/fearoOTfcft«., 1:243 The ophthalnuc medicament conqirising sleep adjusting 



(1984)). Therefore, uridine is most appropriate in cases such substances derived from an organism is prqwed by dls- 

as in the present inventioa where a small amount of the solving the ophthalmic composition of Represent invention 

substance is expected to be transported into a brain by the 45 i° sterilized pmifled water or saline; or dissolving the 

instillation to the eye. Adenosine, which is relative to ophthahnic composition the present invention in water or 

uridine, is also known to induce non-KEM sleep by being saline, followed by sterilization. The above-mentioned addi- 

administered into a lateral vcnticle of a rat. PGDj is a strong tives can be added at the time of dissolving the ophthalmic 

sleep inducing substance discovered by Hayaishi et al., and composition comprising the sleep adjusting substance alone 

contrasts with PGEj which is also included in the prostag- 30 in water or saline. The sleep adjusting substance derived 

landins but inhibits sleq> (Osamu Hayaishi, J. BioL Chem., ^ot^ organism is contaitied in such an c^hihahnic medi- 

263: 14593 (1988)). Kperidine is one of flie endogenous aiaest generally at a concentration of 1 pM to 1 uM, 

amines existing in the brains of mammals and is known to preferably 10 jiM to 100 (iM. 

exhibit a sleep inducing activity (Miyata et al., Ufe Set., 15: When the ophthalmic medicament of the present hiven- 

1135 (1974)). Mweover, piperidine is suggested to play an 55 tion is instilled, the sleep adjusting substance contained in 

important role in hibernation. 2-Octyl-garama- the ophthalmic medicament is uptaien by ganglion cells in 

broraoacetoacetate, which is commonly called gammabrom, the retina. The uptalsKU substance is transported to a supra- 

is a REM sleep inducing substance extracted from human chiasmatic nudeas in the brain via a transporting system in 

cerebrospinal fluid. Melatonin and AVT are pineal body the neuron called an axonal flow of a neural projection 

hormones, the former is considered to adjust the biological 60 designated as a retino-hypothalamic tract. The suprachias- 

rhythra, while the latter induces noa-REM sleep in an animal matic nucleus is a part of the hypothalamus and is just above 

and REM sleep in a human by increasing the amount of the optic chiasms. Especially in a mammal, the suprachias- 

serotonin in the brain. Serotonin is a neurotransmitter that matic nucleus is regarded as a site where a biological clock 

has been suggested to be concerned in sleep for a long time, exists. It is generally known that a functional site of a sleep 

and tryptcphan is a precursor of serotonin. Dxidiied glu- 65 promoting substance is somewhere between the hypothala- 

tathione (GSSG) was revealed by Komoda Y et al. (Chem. mos and the lower part of the thalamus. Therefore, the 

f%ann.£a/.,38:2057(1990))asanessenceofSPS-B,apart suprachiasmatic nucleus, which is a part of the 
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hypothalamus, is considered to be concerned in the ihythm 
of sleep, whidt is an important element of one's drcadian 
ihythm. Accordingly, the administcied sleep adjusting sub- 
stance works at this point, resulting in adjusting the sleep- 
wake ihythm through its center. 

Moore et al. (J. Comp. Nuer., 146: 1 (1972)) have reported 
on the retino-hypothalamic tract existmg between the retina 
of an eyeball and the suj^acluasmatic nucleus. According to 
a report by H. Nishino, when horseradish peroxidase, an 
enzyme with a molecular weight of about 40,000, which is i 
frequently used as a tracer due to its histochemical dyeing 
ability, injected into an eyeball, it is aptaken by the gan^on 
cells, and then transported to the saprachiasiuatic audeus 
through the axonal flow (Zoka Baiorlzumu to Sono Kiko 
(Japanese phonetics), Kodansha Scientific, 1978, pp. > 
203-214). 

When the o]dithahiilc medicament compiising the oph- 
thalmic composition of the present invention is 
d, in order to exhibit its Bcti'vily the sleep adjust- 
lined therein can be transported to (he 
supiacbiasmatic nucleus through other nerve con^ction 
paths, or can directly aSect neurons of the retina and the like. 
Bar exan^e, it has been reported diat luidine induces or 
inhibits exdtation of the neurons, and can aficct the nervous 
system distributed in the retina and the eyeball. 25 
EXAMPLES 

The present invention will now be illustrated by the 
following examples. 

(Test method) 30 

Three ICR male mice were put in a cage and bred under 
the condition of a day-and-night cycle of every 12 hours (the 
daytitne: from 735 to 19:35; the nighttime: from 19:35 to 
7:33) for an experiment. Since the mice are aoctumal, they 
remain inactive nntU several tens minutes after the Ughts- 33 
out When saline was administered to the mice by the 
instillation to the eye 30 minules before the Ughts-out, the 
locomotor activity of the mice was temporarily increased. 
However, the activity faded within 30 miDutes after the 
instHlation and then disaf^ared. The group that had die 40 
saline instHlatioa became active about 3D minutes later than 
the group without the saline instillation. Namely, the mice 
with the saline iostillalion became active about 20:10, which 
is about 1 hour after the admijiistratioD of the saline. 

In this manner, the mice were habituated to the instillation 45 
by administering the saline every day. After the same 
activity pattern appeared for two days continuously, an 
ophthalmic medicament containing a desired sleep adjusting 
substance was instilled for consecutive two days. The oph- 
thalmic medicament was prepared by dissolving the sleep so 
adjusting substance in sab'ne. Thirty five minutes before the 
Kghts-out (at 19:00), about 5 pi of the 



a function of an administration of the ophthalmic medica- 
ment A total of the locomotor activity (i.e., an area below 
the curve in the graph) per one hour between 19; 30 which 
is 30 minutes after the administration and 20:30 was calcu- 
lated. In the same manner, as for the mice widi the admin- 
istration of saline alone, a total locomota- activity per the 
same one hour period as above was calculated. The ratio (%) 
of the calculated total locomottn- activity per one hour of tiie 
mice with saline ailone to liiat of the mice with the admin- 
istration of the 0[Afhalniic medicament (hereinafter called 
the 'total activity ratio") was obtained. The mice whose 
activity pattons were not stabile during the habituation to the 
administration of saline were not used in the following 



[A sleep inducing activity by uridine] 

Uridine was used as the sleep adjusting substance derived 
&om an organism. The total activity ratio (%) is shown in 
Table 1, and the activity pattern of the mice with the 
instillation of the ophthalmic medicament containing 100 
]M of uiidine is shown in HG. 1. As is apparent torn FIG. 
1 and Table 1, the time when the mice started to move shifted 
backward in die group with the administration of uridine and 
the locomotor activity thereof was remarkably decreased. 

Inoue et aL has reported that uradl, a component of 
uridine, does not have a sleep inducing activity (Honda et 
al.. Reports Med. Dent. Eng., 18: 93 (1984)). When an 
ophthalmic medicament including 100 (iM of uracil was 
instilled to a mouse, the locomotor activity of the mouse did 
not decrease (Table 1), "ITius, flie ophthalmic medicament 
including uridine showed a sleep indncing activity by the 
instillation. 

Next, an ophthalmic medicament including 100 jiM of 
uridine was Instilled to the ICR mice continuously for 2 
weeks. There was no change in the weight gain of the mice 
as compared with die groi^ without the instillation of 
uridine, and any change ^ an eyeball and/or int^al organs 
was not visually observed. 

TABLE 1 



e sleep adjusting substance (100 (iM) 
is instilled into each eye of the mouse, respectively. TTie 
locomotor activity (unit: count) of mice was measured every 3 
10 minutes by using a measuring device for the locomotor 
activity of an experimental animal "Automex" (produced by 
Tokai Mka). He locomotcr activity was measured by put- 
ting amouse on the measuring device. Bvocy time any of the 
mice moved, a counter of the device ciminlaited the number 6 
of the movements. Thus, the larger cumulated nnmber 
reflected more energetic activity. Such a measaran«it was 
conducted twice (for two days). An average value of the 
locamotor activity at each time was calculated and the 
results were plotted to obtain a graph, with time as the 6 
abscissas and the average locomotor activity as the «di- 
nates. Tliis giaph depicts an activity patteni of the mice as 



Eitaiq)le2 

lA sleep inducing activity by prostaglandin D2 (PGD2)] 
PGDj was used as the sleep adjusting substance. As is 
shown in HG. 2, the time when the mice started to move 
shifted backward by the instillation of an ophthalmic medi- 
cament including 100 pM of PGD^. The total activity ratio 
was reduced to 78% of the control group. 



(A sleep inhibiting activify by cytidine] 

Cytidine was used as the sleep adjusting substance. The 
time when the mice started to move advanced by the 
instillation of an qAthalmic medicament indudiDg 100 iM 
of cytidine, and the total activity ratio rose to 127% (FIG. 3). 
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TTiis suggests that the instiliation of cytidinc can inhibit 
deep. This sleep inhibition is tiot caused by a pain or an itch 
in the eyes, supported by the fact that the locomotor activity 
completely disappeared ten^jorarily after the iustillatioii, 
Hius, there is a time lag between the installation of the sleep 
adjustuig substance and the activity affected thereby, which 
is considered to be due to the time required to transport the 
substance throngh the axonal flow. 

Example 4 

[A sleep inhibiting activity by DSIP] 

DSIP was used as the sleep adjusting substance. DSIP 
(100 pM) was dissolved in saline containing 0.1% bovine 
serom albuinin. The instillation of the resultant solation 
exerted a sleep inhibiting activity when measored in the 
same manner as in the above examples (FIG. 4), and the total 
activity ratio rose to 130%. This is regarded to show that an 
instiUatioin, which is stressful for a moose, was relieved by 
DSIP. The sleep inhibition is certainly not due to any pain or 
itch in the eyes for the same reason as was shown in 
Example 3 using cytidine. 

Example 5 

[A sleep inducing activity by piperidine] 

Hperidine (ICX) pM) was used as the sleep adjusting 
substance. The activity pattern is shown in FIO. 5, and the 
total activity ratio per hour was rednced to 72%. 

Example 6 

[A sleep inducing activity by GSSG] 

GSSG (100 fM) was used as the sleep adjusting sub- 
stance. The activity pattern is shown in HO. 5, and the total 
activity ratio per hour was reduced to 72%. 

As desdibed above, the ophthalmic conq>osidon com- 
pcising the sleep inducing substance or the sleep inhlblthig 
substance both derived from an organism is provided by the 
present invention. It is possible to allow the sleep adjusting 
substance, which does not sufEciently exhibit its activity by 
the conventional oral administration and the like, to affect 
directly the center by flie instillation of the ophtbabmc 
medicament prepared firom the ophthalmic composition 



i,486 

8 

comiaising the sleep adjusting substance. Thus, it is possible 
to administer a safe sle^ adjusting substance in a simple and 
inexpensive manner. 

Various other modifications win be apparent to and can be 
readily made by those skilled in the ait without departing 
from the scope and spirit of this invention. Accordingly, it is 
not intended that the scope of the lOaims appended hereto be 
limited to the desctiption as set forth herem, but rather that 
, the claims be broadly construed. 
What is claimed is: 

1. A method for regulating a rhythm of sleep comprising 
administering a sleep adjusting substance into eyes, wherein 
the sleep adjustiBg substance is at least one selected from the 

15 group consisting of uridine, cytidine, and derivatives 
thereof. 

2. A method according to claun 1, wherein the sleep 
adjusting substance is at least one selected from the group 
consisting of uridine and derivatives thereof. 

20 3. A method according to claim 1, wherein the sleep 
adjusting substance is at least one selected from the group 
consisting of cytidine and derivatives thereof. 

4. A method ftsr regdating a rhythm of sleep comprising 
administering an ophthalmic composition into eyes, wherein 

25 the ophthalmic composition comprises at least one of a sleep 
adjustmg substance selected from the group consisting of 
uridine, cytidine, and derivatives thereof. 

5. A method for regulating arhjrthm of sleep comprising 
administering an ophthalmic medicament into eyes, wherein 

30 the ophthalmic medicament comprises an ophthalmic com- 
positiOB whidi contains at least one of a steep adjusting 
substance selected from the gtoup consisting of uridine, 
cytidine, and derivatives tfaaeof. 

6. A method according to claim 5, whoein the ophthalmic 
33 medicament is administered by instillation into eyes. 

7. A method according to claiia 5, wherein the sleep 
adjusthig substance is contained in fee ophthalmic medica- 
ment at a concentration of 1 {iM to 1 mM. 

8. A method according to daim 5, wherein the sleep 
40 adjusting substance is contained in the ojrfithalmic medica- 
ment at a concentration of 10 |iM to 100 jiM. 
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